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The  major  goal  of  this  grant  was  to  study  the  existence  of  immunity  to  breast  cancer  in  humans. 
The  major  objectives  of  this  grant  were  to  identify  novel  tumor  antigens  in  breast  cancer,  to 
identify  the  immunodominant  epitopes  recognized  by  cytotoxic  lymphocytes  in  breast  cancer,  to 
identify  the  responses  induced  by  these  epitopes  (cytolysis  and  cytokines),  to  identify  approaches 
to  induce  responses  to  these  epitopes  in  healthy  donors  and  cancer  patients,  as  well  as  the 
receptor  composition  of  the  T  cells  responding  to  these  epitopes.  Studies  in  ovarian  cancer  were 
performed  in  parallel,  since  the  original  model  and  availability  of  indicator  tumor  cells  as  well  as 
of  effectors  of  defined  specificity  allowed  a  better  correlation  and  confirmation  of  the  responses. 

The  contract  has  been  extended  to  September  2000.  The  last  two  reviews  1998-1999  indicated 
that  this  investigator  not  only  fulfilled,  but  exceeded  the  goals  of  this  proposal,  and  the  research 
was  extremely  successful. 

The  key  accomplishments  of  this  research  are: 

(1)  Identification  and  characterization  of  three  novel  tumor  Ag.  They  are:  HER-2,  folate 
binding  protein,  and  aminoenhancer  of  split  of  the  Notch  complex.  It  should  be 
mentioned  that  most  cellular  therapy  approaches  by  CTL  used  the  ground  work  prepared 
by  this  proposal  at  its  outcoming  publications.  Thus,  the  DQD  support  had  a  far  reaching 
significance,  which  exceeded  expectations. 

(2)  Studies  on  folate  binding  protein  will  have  a  particular  relevance  in  the  future,  because  of 
the  use  of  metotrexate  as  chemotherapeutic  agent.  Currently  the  results  with  FBP  are 
evaluated  independently  at  preclincial  level,  to  determne  the  applicability  for  vaccine. 

(3)  All  together  HER-2,  FBP,  and  AES  constitute  the  nucleus  for  development  of  multi¬ 
epitope  vaccines.  An  additional  point  of  interest  for  future  studies  is  the  applicability  of 
these  antigens  for  breast  tumors  at  different  stages  of  aggressivity  and  differentiation. 

AES  may  be  important  for  poorly  differentiated  tumors  of  HER-2  negative  phenotype. 
HER-2  for  HER-2*  tumors  while  FBP  may  be  of  use  in  a  later  stage  (FBP  increases  after 
chemotherapy). 

(4)  Tumor  cells  expressing  MHC-I  and  HLA-A2  were  associated  with  the  over  growth  of 
drug-resistant  tumors,  which  were  susceptible  to  cytotoxic  T-lymphocytes  attack. 
Investigation  of  the  mechanisms  for  this  sensitivity  revealed  that  one  potential 
mechanism  is  the  formation  of  unstable  tumor  antigens  which  degrade  at  a  faster  rate  than 
the  tumor  Ag  present  in  the  cell  not  treated  with  chemotherapeutic  drugs.  This  aspect 
was  completed  this  year  and  the  relevant  publication  is  currently  in  print  (Molecular  and 
Cellular  Biochemistry).  Additional  aspects  of  this  mechanisms  are  the  post-translational 
modifications  of  the  tumor  Ag,  in  terms  of  phosphorylation  made  the  influence  of  HER-2 
receptor  agonists.  For  example,  for  HER-2,  the  agonists  are  EGF  and  NDF  (new 
differentiation  factor).  There  are  novel  aspects  of  tumor  immunogenicity  which  open 
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new  directions  of  research  and  treatment.  Tumors  become  antigen  presenting  cells 
(A PC)  is  treated  with  various  agents  which  enhance  the  presentation  of  the  Ag  as  well  as 
the  expression  of  HLA-molecules. 

(5)  (a)  Studies  on  antigenicity  of  the  tumor  Ag,  demonstrated  that  the  tumor  Ag  are  weak  and 
partial  agonists.  The  partial  agonism  manifest  as  a  weak  ability  to  induce  the  cytokine 
IFN-y,  and  the  chemokine  IP-10  (anti-angiogenic)  increased  IFN-y  and  IP- 10  could  be 
achieveld  by  low  amounts  of  IL-12  (100*200  pg/ml).  Notably,  JP*10  induction  by  tumor 
Ag.  does  not  require  IFN-y,  but  it  is  potentiated  by  IL-12.  This  should  be  one  of  the 
earliest  detectable  effects  of  T-cell  interaction  with  the  tumor  Ag 

The  ability  oflow  doses  of  IL-12  (l00pg/ml/g  ?  100  ng/kg)  to  costimulate  the  tumor  Ag 
effects  are  significant  for  tumor  vaccine  development:  A  clinical  trial  is  being  prepared 
by  Dr.  James  A.  Murray,  to  obtain  the  N1H  approval.  It  is  my  understanding  that  the 
previous  handling  of  high  dose  IL- 1 2  generated  concerns. 

(6)  (b)  The  “repair/co  rrection"  of  the  agonistic  activity  of  the  tumor  Ag  by  IL-12  with  regard 
IFN-y,  it  is  not  sufficient  to  correct  the  inability  of  the  tumor  Ag  to  induce  cytolytic 
effector  function  at  priming.  An  extensive  study  using  ten  (10)  healthy  donors  recently 
completed  revealed  that  only  a  fraction  (40-50%  of  the  health  donors  responded  to  the 
CTL  epitope  from  HER-2  (E75).  Is  this  the  fraction  of  responders  to  HER-2  vaccine 
based  on  E75  in  the  population?  Is  the  50%  the  fraction  of  non-responders  to  the  wild- 
type  tumor  Ag,  for  various  reasons?  These  questions  will  be  addressed  in  the  future. 

(7)  To  address  how  tumor  immunogenicity  can  be  improved  various  approaches  were  used: 
APC:  dendritic  cells  ±  TNF-a  (as  maturing  agent)  vaccinia  vectors:  imunogenicity  was 
obtained  only  with  replicating  vaccinia.  This  is  acceptable  in  vitro,  but  cannot  be  used 
for  in  vivo  studies  because  the  patients  are  immunocompromised. 

(8)  The  limitations  in  immunogenicity  by  DC,  although  DC  were  much  better  APC  than 
PBMC  and  nonreplicating  vaccinia  vectors,  lead  to  novel  approaches  for  enhancement  of 
immunogenicity  using  enhancer  agonists.  The  enhancer  agonists  were  generated  by 
introducing  mutations  in  the  Ag-sequence. 

(9)  A  large  number  of  mutated  E75  peptides  were  generated  aiming  to  induce  TCR-enhanced 
agonism,  and  not  the  traditional  enhanced  binding  ability  to  HLA-A2  molecules.  A 
previous  study  also  supported  by  this  grant,  identified  the  basic  principles  for  modulation 
of  TCR  antigenicity.  Research  in  this  direction  identified  one  agonist  designated  F42, 
and  generated  by  a  mutation  serine  ->  lysine  in  position  5,  which  was  effective 
ininducing  CTL  specifically  recognizing  E75.  These  CTL  were  induced  from  both 
healthy  donors  and  breast  cancer  patients.  The  TCR-type-enhancer-peptides  will  be 
significant  for  the  further  development  of  cancer  vaccines  in  breast  cancer. 


(10)  An  immediate  consequence  of  the  studies  are: 

(1)  A  clinical  vaccine  trial  in  M.  D.  Anderson  Cancer  Center  by  Drs.  James  L.  Murray 
(Breast  Clinic/Bioimmunotherapy)  and  Dr.  Andrzej  Kudelka  (Department  of 
Gynecologic  Medical  Oncoloty) 

(2)  A  clinical  vaccine  trial  at  Walter  Reed  Army  Institute  of  Research  and  the 
Department  of  Surgery  of  die  Uniformed  Armed  Services,  by  Dr.  George  E. 

Peoples  and  Dr.  Bryan  Fisk,  both  formerly  in  the  laboratory  of  this  grantee. 

Reportable  outcomes:  The  reportable  outcomes  of  this  study  are  presented  in  detail  in  the 
publications  listed  below: 

Publications 

Fisk,  B.»  Blevins,  T.L.,  Wharton,  J.T.  and  Ioannidcs,  C.G.  Identification  of  an  immunodominant 
peptide  of  HER-2/neu  proto-oncogene  recognized  by  ovarian  tumor  specific  CTL  lines.  J.  Expt. 
Med.  181:2109-2117, 1995. 

Fisk,  B.,  Savary.  C.,  Hudson,  J.M.,  O'Brian,  C.A.,  Murray,  J.  L.,  Wharton,  J.T.  and  loannides, 
C.G.  Changes  in  a  HER-2  peptide  up-regulating  HLA-A2  expression  affect  both  conformational 
epitopes  and  CTL  recognition.  Implications  for  optimization  of  antigen  presentation  and  tumor 
specific  CTL  induction.  J.  Immunother.  18, 197-209, 1996. 

Fisk,  B.,  DaGue,  B.,  Seifert,  W.,  Kudelka,  A.,  Murray,  J.L.,  Wharton,  J.T.,  and  loannides,  C.G. 
Mass-spectrometric  analysis  of  naturally  processed  peptides  recognized  by  ovarian  tumor 
associated  CD8+  CTL.  Inti.  J.  Oncol.  10:159-169, 1997. 


Fisk,  B„  Anderson,  B.  W.,  Gravitt,  K.,  O'Brian,  C.  A.,  Kudelka,  A-  P.,  Murray,  J.  L.,  Wharton,  J. 
T.  and  loannides,  C.  G.  Identification  of  naturally  processed  human  ovarian  peptides  recognized 
by  tumor  associated  CD8+  CTL.  Cancer  Res.  51 :87-93, 1997. 

Hudson,  J.M.,  Castilleja,  A.,  Murray,  J.L.,  Honda,  T.,  Kudelka,  A,,  Singletary,  A.E.,  Wharton,  J  T., 
and  loannides,  C.G.  Growth  and  antigen  recognition  by  tumor  infiltrating  lymphocytes  from 
human  breast  cancer.  J.  Interf.  Cytok.  Res.  1 8:529-536, 1998. 


Peoples,  G.E.,  Anderson,  B.W„  Fisk,  B.,  Kudelka,  A.P.,  Wharton,  J.T.,  and  loannides,  C.G. 
Ovarian  cancer-associated  lymphocytes  recognize  folate  binding  protein  (FBP)  peptides.  Ann. 
Surg.  Oncol.  5(8):743-750, 1998. 

Babcock,  B.,  Anderson,  B.W.,  Papayannopoulos,  I.,  Castilleja,  A.,  Murray,  J.L.,  Stifani,  S., 
Kudelka,  A.P.,  Wharton,  J.T.,  and  loannides,  C.G.  Ovarian  and  breast  cytotoxic  T  lymphocytes 
can  recognize  peptides  from  the  amino-enhancer  of  split  protein  of  the  Notch  complex.  Mol. 
Immunol  35:1121-1133, 1998. 
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Fisk,  B  ,  and  loannides,  C.G.  Increased  sensitivity  of  Adriamycin-selected  tumor  lines  to  CTL 
mediated  lysis  results  in  enhanced  drug-sensitivity.  Cancer  Res.  58:4970-4973, 1 998. 


Anderson,  L.  D.  Jr.,  Hudson,  J.  M.,  Savary,  C.  A.,  Fisk,  B,  Gershenson,  D.  M  and  loannides, 
C.G.  HER-2/neu  peptide  specificity  in  the  recognition  of  HLA-A2  by  natural  killer  cells.  Cancer 
Immunol  Immunother,  48(7):401-410, 1999. 


Peoples,  G.E.,  Anderson,  B.W.,  Lee,  T.  V„  Murray,  J.L.,  Kudelka,  A.P.,  Eberlein,  T.J.,  Wharton, 
J  T ,  and  loaunides,  C.G.  Vaccine  implications  of  folate  binding  protein  m  epithelial  cancers. 
Clin.  Cancer  Res.,  5:4214-4223, 1999 


Kim,  D.,  Lee,  T.  V.,  Castilleja,  A..  Anderson,  B.  W„  Kudelka,  A.  P.,  Murray,  J.  L.  Sittisomwong, 
T.,  Wharton,  J.  T„  Kim,  J.,  loannides,  C.  G.  Folate  binding  protein  peptide  191-199  presented  on 
dendritic  cells  can  stimulate  CTL  from  ovarian  and  breast  cancer  patients.  Anticancer  Res, 
18:2907-2916, 1999. 


Lee  T.V.,  Castilleja,  A.,  Peoples.  G.E,  Kim,  D-K,  Murray,  J.L.,  Gershenson,  D.  M.,  and 
loannides,  C.  G.  Secretion  of  CXC  chemokine  IP-10  by  peripheral  blood  mononuclear  cells  from 
healthy  donors  and  breast  cancer  patients  stimulated  with  HER-2  peptides,  J.  Interf.  Cytokine  Res., 
20,391-401,2000. 

Lee,  T.  V.,  Anderson,  B.  W.,  Peoples,  G.E.,  Castilleja,  A.,  Murray,  J.L.,  Gershenson,  D  M.  and 
loannides,  C.G.  Identification  of  activated  tumor-Ag-xeactive  CD8+  cells  in  healthy  individuals. 
Oncology  Reports,  7:455-466, 2000. 

Ward,  N.E.,  Stewart,  J-R. ,  loannides,  C.G.,  and  O’Brian,  C.A.  Oxidant-Induced  S-glutathiolation 
Inactivates  Protein  Kinase  C-Alpha  (PKC-o)  -  A  Potential  Mechanism  of  PKC  Isozyme 
Regulation.  Biochemistry,  39:10319-10329,  2000. 

Castilleja,  A.,  Ward,  N.E.,  O'Brian,  C.A.,  Swearingen,  B.J.,  Murray,  J.L.,  Gershenson.  D.N.,  and 
loannides,  C.G.  Accelerated  HER-2  degradation  enhance  ovarian  tumor  recognition  by  CTL. 
Implications  for  tumor  immunotherapy  and  escape.  Molecular  and  Cellular  Biochemistry,  (in 
press),  2000. 


Abstracts 

Blevins,  T.  L.,  Fisk,  B„  Wharton,  J.T.,  Kavanagh,  J.J.,  loannides,  C.G.,  and  Kudelka,  A.P.  T  Cell 
proliferating  responses  to  HER-2  peptide  analogs  in  ovarian  cancer  patients.  The  FASEB  Journal. 
9(4):  A800, 1995. 

Fisk,  B.,  DaGue,  B.,  Seifert,  W.  E.,  Lambris,  J.  D.f  Papayannopulos,  I.,  Kudelka,  A.,  Wharton,  J. 
T.,  and  loannides,  C.  G.  Ovarian  cytotoxic  T  lymphocytes  can  recognize  common  peptides 
presented  by  HLA-A2+ tumors.  The  FASEB  Journal,  10(5):  A1467,  1996. 
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Ioannides,  C.  G.,  Murray,  J.  L„  and  Wharton,  J.  T.  Recognition  of  breast  and  ovarian  cancer 
antigens  by  T  lymphocytes.  3rd  International  Conference  on  Engineered  Vaccines  for  Cancer  and 
AIDS,  October  9-14, 1996,  Hilton  Head  Island,  South  Carolina. 

Anderson,  B.W.,  Swearingen  II,  B.J.,  Wharton,  J.T.,  and  Ioannides,  C.G.  Primary  generation  of 
human  antitumor  CTL  by  a  HLA-A2  restricted  HER-2  peptide.  Proceedings  of  AACR,  Vol.  38, 
A1 606,  p239,  1997. 


Murray,  J.L.,  Hudson,  M.,  Anderson  B.W.,  Castillega,  A.,  Singletary,  E.,  Kudelka,  A.,  Hortobagyi, 
G.,  and  Ioannides,  C.G.  Growth  and  target  recognition  of  tumoT  infiltrating  lymphocytes  from 
human  breast  cancer,  20th  Annual  San  Antonio  Breast  Cancer  Symposium.  December  3-6, 1997, 
San  Antonio,  TX. 

Peoples,  G.E.,  Anderson,  B.W.,  Eberlein,  TJ.,  and  Ioannides,  CG.  Vaccine  implications  of  a 
new  cytotoxic  T  cell  (CTL)-recognized  antigen  in  epithelial  cancers.  59th  Annual  Meeting  Society 
of  University  Surgeons.  February  12-14,  1998,  Milwaukee,  WI, 

Murray,  J.L.,  Babcock,  B.,  Anderson,  B.,  Kudelka,  A.,  Wharton,  J.T.  and  Ioannides,  C.G, 
Ovarian  and  breast  cytotoxic  lymphocytes  can  recognize  peptides  from  the  AES  protein  of  the 
Notch  complex.  Proceedings  of  the  AACR,39:>  A1051 ,  p  1 54, 1998. 

Castilleja,  A.,  O’Brian,  C.A.,  Anderson,  B.W.,  Wharton,  J.T.  and  Ioannides,  C.G,  Inhibition  of 
CTL  epitope  presentation  and  tumor  immunogenicity  by  HER-2  tyrosine  phosphorylation.  The 
FASEB  J.  1 2(4):  A1684,  p.  289, 1998. 

Peoples,  G.E.,  Anderson,  B.W.,  Kudelka,  A.P.,  Eberlein,  T.J.,  Wharton,  J.T.,  Ioannides,  C.G.,  and 
Murray,  J.L.  Vaccine  implications  of  folate  binding  protein,  a  novel  cytotoxic  T  lymphocyte- 
recognized  antigen  system  in  epithelial  cancers.  Society  of  Biological  Therapy.  13  Annual 
Scientific  Meeting,  Plenary  Lecture,  Pittsburgh,  PA,  October,  1 998. 

Anderson,  B„  Lu,  J.,  Ibrahim,  N.,  Hortobagyi,  G.,  Brewer,  H.,  Przepiorka,  D.,  Ioannides,  C.G., 
Grabstein,  K.,  Cheever,  M.,  and  Murray,  J.  Immunomodulating  effects  of  a  HER2/neu  derived 
HLA-A2  specific  peptide  E75  combined  with  GM-CSF  in  patients  with  metastatic  breast  and 
ovarian  cancer.  Proceedings  ASCO,  1 8,  A 1691, 1999, 

Anderson,  B.  W.,  Peoples,  G.  E.,  Castilleja,  A.,  Murray,  J.  L.,  Wharton,  J.  T.,  Bennink,  J.  R., 
Yewdell,  J.  W.,  and  Ioannides,  C.  G.  Rapid  activation  of  CTL  effector  functions  by  HER-2 
peptides  reveals  functionally  distinct  populations  in  healthy  donors  and  breast  cancer  patients.  The 
FASEBJ.  13,  A481, 1999. 

Kim,  D.  K.,  Lee,  T.  Castilleja,  A.,  Anderson,  B.  W.,  Peoples,  G.  E.,  Kudelka,  A.  J.,  Murray,  J.  L„ 
Wharton,  J.  T.,  Kim,  J.  W.,  and  Ioannides,  C.  G.  Folate  binding  protein  (FBP)  peptides  presented 
on  dendritic  cells  can  stimulate  CTL  from  ovarian  and  breast  cancer  patients.  Proceedings  AACR, 
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Lee,  T.  V.,  Castilleja,  A.,  Peoples,  G.  E.,  Kim,  D.  K.}  Gershenson,  D.  M.,  Ioannides,  C.  G. 
Secretion  of  CXC  chemokine  IP- 10  by  T  cells  from  healthy  donors  and  breast  cancer  patients 
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ABSTRACT 

In  the  present  study,  we  isolated  tumor-infiltrating  lymphocytes  (TIL)  from  21  primary  solid  tumors  and  tu¬ 
mor-associated  lymphocytes  (TAL)  from  9  malignant  effusions,  respectively,  of  breast  cancer  patients.  Sig¬ 
nificant  proliferation  and  expansion  of  T  cells  was  observed  in  23  of  30  distinct  samples.  TIL  were  isolated 
from  primary  tumors  by  either  enzymatic  digestion  or  mechanical  disruption.  The  TIL  cultures  were  initi¬ 
ated  using  OKT3  mAh  in  the  presence  of  moderate  concentrations  (25-50  U/ml)  of  IL-2,  followed  by  100  U/ml 
of  tumor  necrosis  factor  (TNF)-a.  TAL  were  not  stimulated  with  OKT3  mAb,  but  all  were  successfully  ex¬ 
panded  in  culture  in  the  presence  of  IL-2  alone  or  together  with  TNF-a.  Seven  of  nine  distinct  TAL  grew  in 
culture  as  predominantly  CD4+  lines.  In  contrast,  only  14  of  21  (66%)  of  primary  breast  TIL  expanded  in 
culture  and  were  predominantly  of  CD8+  phenotype.  Autologous  tumor  lysis  was  observed  in  seven  of  eight 
cases  tested.  Only  one  of  the  four  TIL  tested  and  one  of  the  four  TAL  tested  preferentially  lysed  autologous 
tumor.  HER-2  peptide  E75  (369-377)  was  recognized  by  two  TIL  lines  of  the  five  primary  TIL  tested  and 
three  of  the  four  TAL  tested.  This  suggests  that  E75  may  be  recognized  by  primary  breast  tumors.  This  may 
be  of  interest  in  developing  vaccine  strategies  for  therapeutic  management  of  breast  cancer. 


INTRODUCTION 

Infiltration  of  human  tumors  with  lymphocytes  is  believed 
to  indicate  an  immune  response  to  tumor,  as  shown  by  a  large 
body  of  studies  in  melanoma,  renal  cell  carcinoma,  and  ovar¬ 
ian  carcinoma.  Similarly,  T  cells  constitute  the  dominant  leuko¬ 
cyte  population  associated  with  primary  breast  tumors.  Of  these, 
CD8+  cells  are  present  in  tumor  infiltration  sometimes  in  higher 
percentage  than  in  peripheral  blood.  Correlation  between  HLA- 
DR  expression  in  CD8+  tumor-infiltration  lymphocytes  (TIL) 
and  MHC-I  and  MHC-II  expression  on  the  breast  tumor  sug¬ 
gests  a  local  immune  reaction  that  cannot  expand  or  eradicate 
the  primary  carcinoma/11  Strong  evidence  for  local  activation 
of  mononuclear  cells  in  situ  was  exemplified  by  expression  of 
cytokines  and  cytokine  genes/2,31  Selective  expression  of  early 
activation  markers  was  found  in  breast  TIL  associated  with  de¬ 
pressed  levels  of  interleukin-2  (IL-2)  and  IL-2R,  suggesting  that 
TIL  may  be  in  a  relatively  anergic  state/3,41  These  results  are 


indicative  of  the  presence  of  antigenic  molecules  for  T  cells  at 
the  primary  tumor  site. 

Despite  the  high  incidence  of  breast  cancer,  there  are  few 
studies  on  the  immune  recognition  and  antigens  of  breast  tu¬ 
mor.  There  are  also  few  studies  on  the  feasibility  of  propaga¬ 
tion  of  TIL  from  primary  breast  tumors.  This  is  compounded 
by  difficulties  in  isolation  of  breast  TIL  from  small  tumors 
(<0.5  cm).  Evidence  that  breast  TIL  can  recognize  autologous 
tumor  has  been  reported/5-1 0)  Breast  TIL  propagated  in  high 
concentrations  of  IL-2  plus  lymphokine-activated  killer  (LAK) 
cell  supernatant  infrequently  exhibited  preferential  lysis  of  au¬ 
tologous  tumor  but  more  frequently  exhibited  specific  Thl  cy¬ 
tokine  secretion/6’8-101  Reversal  of  T  cell  anergy  in  vitro  using 
OKT3  mAb  and  repeated  stimulation  with  autologous  tumor  in 
the  presence  of  moderate  concentrations  of  IL-2  resulted  in  a 
high  proportion  of  tumor-specific  cytotoxic  T  lymphocytes 
(CTL)  in  some  instances/5,81  As  this  approach  is  dependent  on 
the  availability  of  autologous  tumor,  an  alternative  approach  to 
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breast  CTL  expansion  is  to  use  antigen  (Ag)  recognized  by  these 
breast  TIL  to  propagate  tumor-specific  CTL.  Using  different 
methods,  breast  TIL  have  been  isolated  that  recognized  MUC- 
1,  MAGE-1,  and  a  HER-2  peptide  designated  GP2 
(654— 662)/H-13>  The  Ag  specificities  recognized  by  these  CTL 
may  not  always  be  present  on  the  autologous  tumor  at  the  time 
of  collection,  or  the  specific  CTL  frequency  may  be  low  (in 
these  patients,  the  disease  progresses).  However,  they  may  re¬ 
flect  existent  responses  to  sensitizing  Ag  expressed  earlier  by 
the  tumor.  The  identification  of  several  CTL  epitopes  on  HER- 
2(I4)  presented  by  HLA-A2  provide  a  model  in  which  these 
questions  can  be  addressed. 

The  objectives  of  this  study  were  twofold:  (1)  to  determine 
if  breast  TIL  can  be  expanded  from  small  primary  breast  tu¬ 
mors  and  (2)  to  determine  if  breast  TIL  and  tumor-associated 
lymphocytes  (TAL)  can  lyse  breast  tumors  and  recognize  HER- 
2  peptides  defining  CTL  epitopes.  Because  TIL  culture  in  high 
concentrations  of  cytokines  may  lead  to  activation  of  different 
effector  populations,  such  as  LAK  cells,  and  repeated  stimula¬ 
tion  with  autologous  or  HLA-matched  tumor  may  lead  to  am¬ 
plification  of  restricted  specificities  present  on  the  stimulators, 
we  used  an  alternative  approach  for  T  cell  propagation.  This 
consisted  of  coculture  of  breast  TIL  in  the  initial  presence  of 
autologous  tumor  (when  available)  and  OKT3  mAb  and  mod¬ 
erate  concentrations  of  IL-2  (25-50  U/ml).  We  found  that  breast 
TIL  from  small  primary  tumors  isolated  by  enzymatic  diges¬ 
tion  or  only  mechanical  disruption  could  be  expanded  in  vitro. 
HER-2  peptide,  E75  (369-377)  previously  shown  to  be  recog¬ 
nized  by  ovarian  TAL  was  also  recognized  by  a  number  of 
breast  TIL  and  breast  TAL. 


MATERIALS  AND  METHODS 

Isolation  and  culture  of  breast  TIL  and  TAL 

Fresh  primary  breast  tumors  were  obtained  from  21  patients. 
TIL  were  isolated  after  enzymatic  digestion  for  4  h  at  37°C, 
followed  by  separation  of  tumor  cells  from  lymphocytes  over 
75%-100%  Ficoll  gradients/10)  The  lymphocyte-enriched  frac¬ 
tion  containing  10%-20%  tumor  cells  was  cultured  in  RPMI 
medium  with  10%  fetal  bovine  serum  (FBS),  40  pg/ ml  gen¬ 
tamicin  (complete  RPMI),  and  50  U/ml  IL-2  (Cetus)  in  24-well 
plates  (Costar,  Cambridge,  MA).  In  case  of  recovery  of  a  small 
number  of  cells,  TILs  were  grown  in  48- well  plates  (Becton- 
Dickinson,  Franklin  Lakes,  NJ)  in  medium  with  IL-2  at  an  ini¬ 
tial  cell  density  of  106/ml.  In  many  instances,  breast  TIL  from 
primary  tumors  showed  slow  growth  during  the  first  week  in 
culture.  To  facilitate  their  expansion,  they  were  cultured  ini¬ 
tially  on  plates  coated  with  OKT3  mAb  as  described(8)  in  com¬ 
plete  RPMI  medium  supplemented  with  50  U/ml  IL-2  and  100 
U/ml  tumor  necrosis  factor-a  (TNF-a)/15) 

When  the  tumor  specimen  was  small  (<0.5  cm)  enzymatic 
digestion,  even  for  a  limited  period  of  time,  led  to  poor  recov¬ 
ery  of  TIL.  These  cells  could  not  be  expanded  in  cultures.  We, 
therefore,  used  an  alternative  approach  for  breast  CTL  expan¬ 
sion.  This  approach  is  based  on  the  use  of  small  tissue  frag¬ 
ments  for  the  growth  of  TIL.(15)  The  tumor  tissue  was  cut  in 
pieces  (<1.0  mm)  that  were  cultured  in  complete  RPMI 
medium  with  25  U/ml  EL-2  and  100  U/ml  TNF-a  for  the  first 


16  h.  Afterward,  OKT3  mAb  (10  ng/ml)  was  added  to  the  cul¬ 
tures.  After  2-3  days,  leukocyte  migration  out  of  the  tumor 
pieces  was  observed.  Tumor  pieces  were  dispersed  by  pipetting 
up  and  down.  The  mixture  was  allowed  to  settle  for  30-40  sec, 
and  the  cell  suspension  was  replated.  This  procedure  provided 
better  yields  of  recovery  than  enzymatic  digestion  and  was  used 
for  TIL- 10  through  TIL- 14.  Malignant  effusions  were  obtained 
from  nine  patients  (pleural  effusions  in  five  and  ascites  in  four 
patients).  Isolation  of  TAL  was  performed  as  described/16) 
Briefly,  after  pelleting,  the  cells  were  resuspended  in  serum- 
free  medium,  layered,  and  centrifuged  over  a  75%-100%  Fi¬ 
coll  gradient.  Purified  lymphocytes  were  cultured  in  complete 
medium  without  OKT3  mAb.  CD8+  cells  were  isolated  on  spe¬ 
cific  mAb-coated  plates  as  described/141 

Phenotype  analysis 

Expression  of  HLA-A2  on  breast  TAL  and  TIL  and  of  HER- 
2  on  tumors  was  determined  using  mAb  BB7.2  (American  Type 
Culture  Collection,  Rockville,  MD)  and  Ab-2,  specific  for  the 
extracellular  domain  of  HER-2  (Oncogene  Science,  Manhasset, 
NY)  as  described.  Briefly,  the  cells  were  incubated  with  pri¬ 
mary  antibody  for  30  min  at  4°C,  followed  by  fluorescein  iso¬ 
thiocyanate  (FITC)-conjugated  goat  antimouse  IgG  (Beckton 
Dickinson,  San  Jose,  CA).  Expression  of  CD3,  CD4,  and  CD8 
molecules  on  TIL  and  TAL  was  determined  by  direct  im¬ 
munofluorescence  using  OKT3,  OKT4,  and  OKT8  mAb  con¬ 
jugated  with  FITC  (Ortho  Diagnostic,  Raritan,  NJ).  Surface 
antigen  expression  was  determined  using  a  FACScan  flow-cy- 
tometer  (Beckton  Dickinson)  with  a  log  amplifier. 

Synthetic  peptides 

HER-2  peptides  were  prepared  by  the  Synthetic  Antigen  Lab¬ 
oratory  at  the  M.D.  Anderson  Cancer  Center  using  a  solid-phase 
method  and  purified  by  HPLC.  The  designation  of  these  pep¬ 
tides  follows  that  used  in  our  previous  studies:  E75  (HER-2, 
369-377)  KIFGSLAFL;  F53  based  on  the  sequence  of  GP2 
(HER-2,  654-662)  IISAVVGIL;  E90  (HER-2,  789-797);  E89 
(HER-2,  851-859)  VLVKSPNHV;  C85  (HER-2,  971-979) 
ELVSEFSRM.  Identity  of  peptides  was  established  by  amino 
acid  analysis.  The  purity  of  peptides  was  more  than  95%. 

Cytotoxicity  assays 

CTL  activity  was  measured  in  [5ICr]  release  assay  as  previ¬ 
ously  described/14,161  Where  specific  lysis  was  low  (5%-10%) 
in  4— 5-h  CTL  assays,  incubation  of  effectors  with  targets  was 
continued,  and  the  release  of  [51Cr]  was  determined  again  the 
next  morning.  Autologous  and  freshly  isolated  allogeneic  tu¬ 
mors  as  well  as  the  breast  tumor  lines  SKBR3  and  SKBR3.A2 
were  used  as  targets.  SKBR3.A2  cells  express  a  transfected 
HLA-A2  gene.  The  original  SKBR3.A2  transfectant  (HLA-A, 
11,  B18,  40),  kindly  provided  by  Drs.  Mary  Disis  and  Martin 
Cheever  (University  of  Washington,  Seattle),  was  subjected  to 
additional  rounds  of  selection  with  the  antibiotic  G418  (Gibco, 
Life  Science).  The  resulting  cells  were  100%  HER-2+,  61.6% 
HLA-A2+,  mean  channel  fluorescence  (MCF)  —  466,  com¬ 
pared  with  parental  SKBR3  cells,  which  were  5.2%  HLA-A2+ 
(MCF  =  29),  and  control  C1R.A2  cells,  which  were  95%  HLA- 
A2+  (MCF  =  430).  To  study  recognition  of  HER-2  peptides. 
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we  used  T2  cells  as  indicators/ 16)  Control  cells  were  made  with 
T2  cells  incubated  with  effectors  in  the  absence  of  synthetic 
peptides. 

RESULTS 

Growth  and  T  cell  phenotype  of  TIL  and  TAL 
from  breast  cancer 

TIL  and  TAL  were  propagated  in  vitro  with  moderate  con¬ 
centrations  of  IL-2  (25-50  U/ml).  Lymphocytes  from  both  ma¬ 
lignant  effusions  and  solid  primary  tumors  exhibited  significant 
expansion  in  culture  over  time.  TIL  were  obtained  from  rela¬ 
tively  small  pieces  of  tumor  (<2  cm  in  diameter).  After  1-2 
weeks  in  culture,  tumor  cells  and  other  nonlymphoid  cells  dis¬ 
appeared.  The  culture  was  continued  as  necessary  to  obtain  lym¬ 
phocytes  for  further  studies  (usually  3-4  weeks).  Overall,  of  14 
distinct  primary  breast  tumors  processed  by  enzymatic  diges¬ 
tion,  9  distinct  TIL  (64%)  were  successfully  established  in  cul¬ 
ture.  These  TIL  are  listed  in  Table  1.  The  doubling  time  for 
four  TIL  isolated  by  enzymatic  digestion  was  3  days,  for  one 
4  days,  for  three  5  days,  and  for  the  remaining  one  >7  days. 
In  contrast,  for  most  TAL,  the  doubling  times  were  3  days,  and 
only  for  one  4  days.  The  fold  expansion  in  the  first  4  weeks 
ranged  between  40-fold  and  250-fold  (data  not  shown).  A  sim¬ 
ilar  pattern  of  rapid  growth  was  observed  for  TIL  isolated  from 


Table  1.  Phenotypic  Characteristics 
of  Breast  TIL  and  TAL  Cultures3 


Origin 

HLA-A2 

%  Positive 

CD4  CD8 

Tumor-infiltrating  lymphocytes 

1 

Primary 

+ 

8 

95 

2 

Primary 

+ 

4 

95 

3 

Primary 

+ 

4 

30 

4 

Primary 

+ 

75 

25 

5 

Primary 

+ 

30 

64 

6 

Primary 

— 

69 

30 

7 

Primary 

— 

81 

27 

8 

Primary 

12 

85 

9 

Primary 

— 

33 

67 

Tumor-associated  lymphocytes 

1 

Pleural  effusion 

+ 

65 

35 

2 

Pleural  effusion 

+ 

60 

36 

3 

Pleural  effusion 

+ 

66 

33 

4 

Pleural  effusion 

- 

74 

33 

5 

Ascites 

- 

45 

29 

6 

Ascites 

- 

48 

7 

Ascites 

- 

73 

20 

8 

Ascites 

+ 

13 

87 

9 

Pleural  effusion 

+ 

n 

72 

aThe  average  doubling  time  for  TIL  and  TAL  from  breast 
tumors  determined  for  weeks  2  and  3  was  3  days  excepting  TIL- 
9  and  TAL-4  (4  days),  TIL-4  and  TIL-8  (5  days),  and  TIL-5 
(>7  days).  TAL  l-A  and  9  were  obtained  from  pleural  effu¬ 
sions,  whereas  TAL-5-8  were  from  ascites. 
hn  indicates  not  determined. 


Table  2.  Surface  Phenotype  and  Growth 
Characteristics  of  Freshly  Isolated  Breast 
TIL  Separated  Without  Enzyme  Digestion 


TIL 

HLA-A2 

%  Positive 

Days  in 
culture 

Cells 
(X  10 6f 

CD4+ 

CD8+ 

10 

+ 

16 

89 

14 

10.5 

11 

+ 

8 

95 

14 

12.6 

12 

— 

29 

59 

21 

34.0 

13 

+ 

4 

61 

7 

7.4 

14 

+ 

37 

46 

11 

4.7 

3Breast  tumor  samples  <0.5  cm  were  cut  into  small  pieces 
and  cultured  in  complete  RPMI  1640  containing  25  U/ml  IL-2 
and  100  U/ml  TNF-a.  OKT3  mAb  was  added  to  the  culture  af¬ 
ter  24  h,  and  the  culture  was  continued  for  the  indicated  num¬ 
ber  of  days.  The  numbers  of  lymphocytes  could  not  be  deter¬ 
mined  in  the  original  sample. 


tumor  samples  that  were  not  subjected  to  enzyme  digestion.  As 
we  could  not  determine  the  initial  number  of  T  cells  in  TIL 
processed  without  enzymatic  digestion,  we  could  not  establish 
their  doubling  times.  The  large  numbers  of  T  cells  present  af¬ 
ter  2  weeks  in  TIL- 10- 13  cultures  suggested  a  vigorous  growth 
in  four  of  five  cultures  (except  TIL- 14). 

We  succeeded  in  propagating  five  of  seven  distinct  primary 
breast  TIL  isolated  by  mechanical  disruption  of  the  tumor,  fol¬ 
lowed  by  OKT3  mAb  (71%)  (Table  2).  This  included  TIL-12, 
TIL-13,  and  TIL- 14,  which  could  not  be  propagated  after  en¬ 
zymatic  digestion.  Taking  into  consideration  that  enzymatic  di¬ 
gestion  results  in  low  cell  yields  and  may  lead  to  significant 
damage  of  infiltrating  lymphocytes,  this  approach  may  be  use¬ 
ful  for  isolation  of  TIL  from  small  breast  samples  or  needle 
biopsies.  The  T  cell  phenotype  of  the  TIL  was  determined  to¬ 
gether  with  the  expression  of  HLA-A2  (Tables  1  and  2).  Nine 
of  14  (60%)  cultures  were  HLA-A2+.  Overall,  CD4+  T  cells 
predominated  in  3  TIL  cultures  (21%),  whereas  CD8+  cells 
were  more  numerous  in  9  cultures  (64%).  In  two  cultures,  both 
CD4+  and  CD8+  cells  failed  to  reach  the  level  of  50%.  A  dif¬ 
ferent  T  cell  phenotype  was  observed  for  breast  TAL.  Seven  of 
nine  proliferated  as  predominantly  CD4+  cells.  Five  of  nine 
TAL  samples  (50%)  were  HLA-A2+.  This  is  in  the  HLA-A2 
range  observed  in  the  North  American  population. 

Target  recognition  by  breast  TIL  and  TAL 

Autologous  tumors  in  sufficient  numbers  and  of  sufficient 
purity  to  study  target  recognition  were  obtained  from  four  pri¬ 
mary  breast  cancers  (Nos.  1,  2,  3,  4)  and  four  patients  with 
metastatic  tumors  (Nos.  1,  2,  3  and  6).  Overall,  one  of  four 
HLA-A2+  breast  TIL  and  one  of  four  breast  TAL  tested  showed 
preferential  recognition  of  autologous  tumors.  The  specificity 
control  targets  consisted  primarily  of  the  tumors  autologous 
with  TAL-1  (HLA-A2+)  and  TAL-6  (HLA-A2-),  respectively, 
which  were  lysed  at  low  levels  by  the  autologous  TIL,  and  the 
breast  lines  SKBR3.A2“  and  SKBR3.A2+.  Only  TIL-3  and 
TAL-3  showed  preferential  lysis  of  autologous  tumors  (Fig.  1). 
TAL-3  showed  similar  levels  of  lysis  of  autologous  tumor  and 
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of  the  SKBR3.A2  line  but  lower  levels  of  lysis  of  HLA-A2- 
targets,  suggesting  the  presence  of  a  shared  Ag  between  autol¬ 
ogous  tumor  and  SKBR3.A2  cells. 

TIL-1  showed  borderline  lysis  (<5%)  of  autologous  tumor 
at  an  E:T  ratio  of  20:1.  TIL-2  showed  nonspecific  tumor  lysis. 
TIL-4  lysed  the  autologous  tumor  minimally.  Three  other  TIL 
(Nos.  6,  8,  and  9),  for  which  the  autologous  tumor  was  not 
available,  were  tested  in  the  same  experiment  against  a  panel 
of  three  breast  tumors  and  the  NK  target  K562.  TIL-6  and  TIL- 
8  showed  very  high  lysis  of  K562  cells  (>50%)  and  low  lysis 
of  all  the  tumor  targets  (<20%  at  E:T  =  20: 1)  (data  not  shown). 
We  tentatively  concluded  that  these  TIL  do  not  exhibit  specific 
autologous  tumor  lysis.  TDL-9  showed  significantly  lower  lysis 
of  K562  (<40%  in  the  same  conditions)  suggesting  that  spe¬ 
cific  tumor  lysis  may  be  possible. 

Of  two  breast  CTL  lines  (TIL-4  and  TAL-2)  that  lacked 
specificity  for  autologous  tumor,  TIL-4  lysed  minimally  the  au¬ 
tologous  tumor  and  marginally  two  breast  targets  (allogeneic 
tumor  and  SKBR3)  but  showed  significantly  higher  lysis  of  both 
K562  and  Daudi  (MHC-I  negative)  cells,  suggesting  that  they 
express  an  NK/LAK-like  activity  (Fig.  3A).  TAL-2  lysed  the 
autologous  tumor  (A2+),  the  freshly  isolated  allogeneic  tumor 
associated  with  TAL-1  (A2+),  and  in  some  experiments  SKBR3 
marginally  (Fig.  2).  In  contrast,  these  breast  CTL  showed  higher 
lysis  of  LAK  targets  but  not  of  the  tumor  targets. 

Because  these  results  suggest  that  tumor-specific  CTL  may 
be  either  present  in  low  numbers  or  anergic  or  both,  we  exam¬ 
ined  the  effect  of  stimulation  with  OKT3  mAb  in  the  presence 
of  IL-2  on  the  expression  of  autologous  tumor  lysis  by  TAL-1. 
The  results  are  shown  in  Figure  3.  Stimulation  with  OKT3  mAb 
of  TAL-1,  containing  both  CD4+  and  CD8+  cells,  led  to  a  min¬ 
imal  increase  in  target  lysis.  OKT3  stimulation  was  most  ef¬ 
fective  in  eliciting  the  TAL-1  lytic  function  when  separated 


CD8+  cells  were  used  (Fig.  3,  d).  The  biggest  difference  in  ly¬ 
sis  between  the  autologous  tumor  and  K562  was  seen  in  the 
long  CTL  assay  (20  h),  indicating,  as  previously  suggested,  low- 
frequency  tumor-specific  CTL.(17> 

Breast  TIL  and  TAL  recognize  CTL  epitopes  formed 
by  HER-2  peptides 

Tumor-reactive  CTL  have  been  reported  to  recognize  pep¬ 
tides  derived  from  tumor  Ag.  Studies  have  shown  that  breast 
CTL  can  recognize  (1)  the  core  peptide  from  the  MUC-1  in 
both  MHC-restricted  and  nonrestricted  fashion, (I8)  (2)  the 
MAGE-1  melanoma  Ag,(13>  and  (3)  a  HER-2  epitope  defined 
by  the  peptide  GP2  (654— 662).(12)  Because  the  HER-2  peptide 
E75  (369-377)  was  found  to  be  immunodominant  in  ovarian 
cancer  patients,  we  tested  recognition  of  E75  by  five  breast  TIL 
lines  and  four  breast  TAL  lines.  The  results  are  shown  in  Fig¬ 
ure  4.  TIL-1  and  TIL-2  significantly  recognized  E75.  TIL-3, 
TIL- 10,  and  TIL- 11  did  not  recognize  E75.  This  indicates  that 
E75  is  recognized  by  two  of  five  CTL  from  primary  breast  tu¬ 
mors.  TIL- 10  and  TIL-11,  which  did  not  recognize  E75,  rec¬ 
ognized  marginally  E90  (HER-2,  789-797)  and  C85  (HER-2, 
971-979)  (data  not  shown).  To  address  the  question  of  whether 
breast  TAL  recognized  E75,  we  tested  recognition  of  this  pep¬ 
tide  by  TAL-1,  TAL-2,  TAL-3,  and  TAL-9.  These  TAL  were 
HLA-A2+  and  associated  with  HER-2hl  breast  tumors.  The  re¬ 
sults  are  shown  in  Figure  4.  TAL-1,  TAL-2,  and  TAL-9  rec¬ 
ognized  E75,  but  TAL-3  did  not.  These  results  indicate  that  E75 
was  recognized  by  three  of  four  of  the  breast  TAL  lines.  Over¬ 
all,  among  five  TIL  and  four  TAL  lines  studied,  five  recognized 
the  peptide  E75,  suggesting  that  it  may  represent  a  shared  anti¬ 
gen  in  breast  cancer. 

Comparison  of  the  CTL  activity  levels  indicates  that  these 


FIG.  1.  Target  recognition  by  (A)  TIL-3,  (B)  TAL-3,  (A)  autologous  tumor,  (A)  HLA-A2  freshly  isolated  allogeneic  tumor, 
(O)  SKBR3  (HLA-A2-),  (□)  SKBR3.A2  (HLA-A2+).  TIL-3  lysed  significantly  K562  cells  (>5%)  only  at  40:1  E:T. 
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FIG.  2.  (A)  Cytolytic  activity  of  TIL-4  isolated  CD8+  cells  after  5  weeks  in  culture.  Freshly  isolated  tumor  (•)  (□)  K562,  (■) 

Daudi,  (O)  tumor  associated  with  TAL-1,  (A)  SKBR3.  Results  were  determined  in  a  5-h  [51CR]  release  assay.  Our  representa¬ 
tive  experiment  of  two  performed  is  shown.  (B)  Cytolytic  activity  of  TAL-2  cultured  for  3  weeks  and  stimulated  with  OKT3 
mAb  1  week  before  the  CTL  assay.  (C)  TAL-2  re-stimulated  with  OKT3  mAb  on  week  3  cultured  for  a  total  of  5  weeks.  (•) 
autologous  tumor,  (O)  allogeneic,  HLA-A2+,  HER-2hl  breast  tumor,  (□)  K562,  (HI)  Daudi,  (A)  SKBR3.  The  lysis  of  SKBR3.A2 
(HLA-A2+,  HER-2hi)  was  0.0%  at  both  40:1  and  60:1  E:T  ratios,  suggesting  that  TAL-2  do  not  recognize  HLA-A2-associated 
epitopes  on  this  tumor. 


TAL  show  either  significantly  lower  recognition  of  autologous 
tumor  than  of  HER-2  peptides  (TAL-1,  TAL-2)  or  higher  spe¬ 
cific  recognition  of  autologous  tumor  but  low  recognition  of 
HER-2  peptides  (TAL-3).  This  suggests  that  the  levels  of  ex¬ 
pression  of  this  peptide  may  be  low  and  that  breast  CTL  may 
recognize  other  Ag.  Ongoing  studies  in  our  laboratory  using 
TIL-1,  TIL-2,  TAL-1,  and  TAL-9  as  indicators  have  identified 
another  tumor  Ag  derived  from  the  Notch  receptor  complex^1 9) 
(B.  Babcock  et  al.,  unpublished  observations). 


DISCUSSION 

The  results  presented  in  this  study  show  a  reproducible  ap¬ 
proach  for  expansion  of  breast  TIL,  with  minimal  intervention 
in  terms  of  enzyme  digestion,  restimulation  with  autologous  tu- 
mor/OKT3  mAb,  and  addition  of  exogenous  cytokines.  The 
nonenzymatic  approach  is  complementary  to  enzymatic  diges¬ 
tion.  In  fact,  TIL-12,  TIL-13,  and  TIL-14  were  isolated  from 
samples  subjected  in  parallel  to  enzymatic  and  nonenzymatic 
processing,  of  which  only  the  latter  was  successful.  We  suc¬ 
ceeded  in  expanding  in  culture  breast  TIL  from  14  patients  and 
TAL  from  9  additional  patients.  Of  the  established  TIL  cultures 
from  primary  tumors,  9  were  propagated  from  TEL  isolated  by 
enzymatic  digestion,  and  5  were  propagated  without  enzymatic 
digestion.  TIL  from  5  additional  patients  isolated  by  enzymatic 
digestion  and  from  2  patients  isolated  by  mechanical  disruption 
failed  to  grow  in  culture.  There  was  a  difference  in  the  dou¬ 


bling  times  between  the  TIL  and  TAL  populations.  Most  breast 
TAL  showed  fast  proliferation,  with  doubling  times  of  3  days. 
In  contrast,  only  half  of  breast  TIL  proliferated  at  this  rate.  For 
TIL  and  TAL  expansion  and  expression  of  lytic  function,  the 
availability  of  tumor  for  repeated  restimulation  is  viewed  as  a 
critical  factor.(8)  We  observed  significant  T  cell  proliferation  in 
14  of  21  cases  attempted  (66%),  including  TIL  from  small  tu¬ 
mors  in  which  restimulation  with  autologous  tumor  cells  could 
not  be  performed.  Our  results  show  that  breast  CTL-TEL  can 
be  propagated  and  expanded  into  large  numbers  even  from 
small  tumor  samples  after  initial  coculture  with  autologous  tu¬ 
mor  and  stimulation  with  OKT3  mAb. 

Fourteen  breast  TIL  established  in  culture  grew  as  predom¬ 
inantly  CD4+  or  CD8+  cells.  This  suggests  that  breast  CTL- 
TIL  can  be  successfully  propagated  in  vitro  in  the  presence  of 
low  doses  of  IL-2  and  TNF-a,  as  shown  by  our  previous  stud¬ 
ies  with  ovarian  TAL.(18)  IL-2  plus  IL-12  was  less  effective 
than  IL-12  plus  TNF-a  in  propagating  breast  TEL  (unpublished 
observations).  This  may  be  useful  for  both  adoptive  cellular 
therapies  and  tumor  antigen  identification  for  cancer  vaccines. 

The  T  cell  phenotype  of  cultured  TIL  showed  a  different  pic¬ 
ture  from  the  T  cell  phenotype  of  TAL  with  regard  to  predom¬ 
inance  of  CD8+  or  CD4+  cells.  Nine  of  14  primary  TEL  ex¬ 
panded  as  predominantly  CD8+  lines  (with  >50%  CD8+  cells 
in  the  population),  whereas  only  2  of  9  TAL  were  predomi¬ 
nantly  CD8+.  As  both  TIL  and  TAL  were  cultured  under  the 
same  conditions  without  regard  of  the  source,  the  different  out¬ 
comes  in  the  phenotypes  may  suggest  an  active  priming  and 
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stimulation  in  situ  of  CD8+  in  primary  tumors.  The  fact  that 
the  average  of  CD8+  in  the  peripheral  blood  ranges  between 
25%  and  33%  suggests  an  active  recruitment  of  CD8+  cells  at 
the  primary  tumor  site,  compared  with  the  pleural  effusion/as¬ 
citic  TAL,  where  contamination  from  passenger  lymphocytes 
may  be  higher. 

The  limited  use  of  stimulation  with  tumor  and  OKT3  mAb 
for  breast  TAL  expansion  in  the  presence  of  moderate  concen¬ 
tration  of  IL-2  led  to  breast  CTL  that  expressed  tumor  lysis  with 
higher  frequency  than  reported  in  some  studies(6’9,10)  but  lower 
than  in  other  studies/5,8^  We  found  similar  percentages  (75%) 
of  autologous  tumor  lysis  by  either  TIL  (3/4)  or  TAL  (3/4).  We 
found  preferential  autologous  tumor  lysis  in  only  1  of  4  breast 
TIL  and  1  of  4  TAL  tested  (25%).  The  criteria  for  definition  of 
specificity  used  in  this  study  were  similar  to  criteria  used  in  our 
previous  studies  in  ovarian  cancer. (20)  However,  such  criteria 
may  suffer  from  inherent  limitations  because  of  the  presence  of 
shared  Ag,  the  differences  in  target  lysability,  the  lack  of  in¬ 
formation  on  the  HLA  phenotype,  and  the  limited  amount  of 
autologous  tumor  available. 

Reports  using  cytotoxicity  studies  have  established  the  pres¬ 
ence  among  breast  TIL  and  TAL  of  lymphocytes  specifically 
recognizing  autologous  tumors.  Baxevanis  et  al.(5)  successfully 


expanded  breast  TIL  from  10  patients  and  TAL  from  2  patients 
after  two  cycles  of  stimulation  with  autologous  tumor  and  mod¬ 
erate  doses  of  IL-2;  8  of  12  TIL  showed  preferential  lysis  of 
autologous  tumors.  Specific  recognition  of  autologous  tumor 
was  also  documented  by  testing  for  cytokine  secretion.(9)  Dad- 
marz  et  al.(6)  reported  that  a  number  of  CD4+  TIL  recognized 
autologous  tumor  in  a  MHC  class  II  restricted  fashion.  Specific 
recognition  of  CD4+  T  cells  was  shown  by  determining  tumor- 
specific  cytokine  release.^  Linehan  et  al.(8)  successfully  ex¬ 
panded  breast  TAL  using  low-dose  IL-2  and  repeated  stimula¬ 
tion  with  OKT3  mAb  and  tumor  from  six  of  six  specimens. 
These  TAL  showed  preferential  lysis  of  the  autologous  tumor. 

The  use  of  autologous  tumor  and  OKT3  stimulation  only 
at  initiation  of  the  culture  may  be  useful  to  identify  dominant 
epitope  specificities  of  tumor-associated  CTL  in  situ.  The 
HER-2  peptides  recognized  by  breast  TIL  may  reflect  Ag  that 
have  been  stimulatory  during  tumor  progression  but  either 
they  were  not  sufficiently  strong  to  elicit  a  curative  response 
or  novel  tumor  variants  were  selected.  These  variants  may  not 
express  these  Ag  in  sufficient  amounts  to  sensitize  CTL  for 
killing  or  may  express  other  Ag.  It  should  be  mentioned  that 
all  tumor  Ag  reported  to  date  are  recognized  with  low  affin- 

ity  06,21) 
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FIG.  3.  Target  recognition  by  CD8+  T  cells  of  TAL-1,  stimulated  in  culture  with  OKT3  mAb.  (a)  Control  TAL-1  bulk  cul¬ 
ture,  no  stimulation,  (b)  TAL-1  bulk  culture,  stimulated  with  OKT3  mAb.  (c)  Isolated  CD8+  cells,  unstimulated,  (d)  Isolated 
CD8+  cells,  stimulated  with  OKT3  mAb.  In  (A)  5-h  assay  and  (B)  20-h  assay,  autologous  tumor  and  K562  cells.  E:T  ratio  was 
10:1  ^Indicates  that  differences  were  statistically  significant  by  Student’s  f-test. 
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FIG.  4.  Recognition  by  breast  TIL  and  breast  TAL  of  HER-2  peptides.  (A)  Effectors,  breast  TIL- 10  and  TIL-1 1,  isolated  from 
primary  tumors  were  expanded  in  culture  in  the  presence  of  IL-2  and  initial  stimulation  with  OKT3  mAb.  E:T  was  20: 1 .  (B)  Ef¬ 
fectors  were  TAL-1,  TAL-2,  TAL-3,  and  TAL-9  cocultured  with  autologous  tumor  only  at  the  initiation  of  the  cultures.  The  E:T 
ratio  was  10:1.  Similar  results  were  obtained  at  E:T  40:1.  One  representative  experiment  of  two  performed  over  a  4-week  period 
is  shown.  Peptides  were  used  in  the  assay  at  a  concentration  of  10  /xg/ml.  Dash  indicates  no  lysis.  (E3)  E75,  (H)  NP  indicates 
that  T2  cells  were  not  pulsed  with  peptides  before  incubation  with  effectors. 


CTL  recognition  of  ovarian  and  breast  tumors  together  with 
that  of  peptide  GP2  (HER-2,  654-662)  is  also  associated  with 
HER-2  overexpression/22-24)  We  found  that  HER-2  peptide 
E75  (369-377)  is  also  recognized  by  both  breast  TIL  and  TAL. 
This  suggests  that  multiple  HER-2  epitopes  may  be  presented 
to  CTL.  This  raises  the  question  of  whether  these  CTL  epi¬ 
topes  are  always  present  on  the  tumors.  TAL-1  and  TAL-2 
were  characterized  by  specific  recognition  of  several  HER-2 
epitopes  and  low  and  nonspecific  lysis  of  autologous  tumors. 
TIL-1  and  TIL-2  recognized  E75,  but  TAL- 10  and  TIL-1 1  did 
not  recognize  either  E75  or  F53  (GP2).  TIL-3  and  TAL-3  failed 
to  recognize  E75,  regardless  of  preferential  autologous  tumor 
killing  and  HER-2  overexpression  on  autologous  tumor  cells. 
This  raises  several  questions.  (1)  Do  these  breast  CTL  recog¬ 
nize  Ag  that  are  not  present  on  the  autologous  tumors  at  the 
time  of  tumor  resection  but  at  an  earlier  stage?  (2)  Are  the  anti¬ 
gens  present  on  the  tumor  but  is  their  density  significantly  be¬ 
low  the  density  required  to  sensitize  a  CTL  lytic  response?  The 
T2  reconstitution  assay  has  the  advantage  of  amplifying  the 
Ag  density  by  several  logs.  (3)  Is  tumor  recognition  impaired 
by  blocking  molecules?  The  Ag  may  be  present  on  the  tumor, 


but  they  cannot  induce  a  CTL  response  because  breast  tumors 
lack  costimulatory  molecules  (e.g.,  of  the  B7  family).  The  lack 
of  IL-2  expression  in  primary  breast  TIL  has  been  reported  re¬ 
cently/4) 

Conversely,  if  costimulatory  molecules  other  than  the  B7 
family  are  present  on  the  tumor  and  can  strengthen  the  Ag  stim¬ 
ulatory  signals,  differences  in  Ag  processing  between  profes¬ 
sional  antigen-presenting  cells  and  tumor  cells  related  to  pro¬ 
teolytic  machinery  precursor  stability  and  availability  may  lead 
to  presentation  of  different  stimulatory  peptides  from  the  same 
protein  during  tumor  progression.  Ongoing  studies  in  our  lab¬ 
oratory  aim  to  address  these  points. 

Identification  of  peptides  recognized  among  the  pool  of  can¬ 
didate  epitopes  may  allow  development  of  vaccines  that  can  be 
used  to  amplify  a  CTL  response  to  breast  cancer  earlier,  when 
the  tumor  is  small.  Conversely,  identification  of  specificities 
amplified  after  repeated  stimulation  of  TIL  with  autologous  tu¬ 
mor  (when  available)  may  be  useful  for  adoptive  therapies  with 
CTL-TIL  plus  cytokines.  These  therapies  may  be  more  suitable 
for  patients  with  advanced  disease,  who  are  less  likely  to  re¬ 
spond  to  cancer  vaccination. 
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Ovarian  Cancer- Associated  Lymphocyte  Recognition  of  Folate 

Binding  Protein  Peptides 


George  E.  Peoples,  MD,  Brett  W.  Anderson,  BS,  Bryan  Fisk,  MS,  Andrzej  P.  Kudelka,  MD, 
J.  Taylor  Wharton,  MD,  and  Constantin  G.  Ioannides,  PhD 


Background:  Tumor-associated  lymphocytes  (TAL)  isolated  from  ovarian  cancer  patients  con¬ 
tain  cytotoxic  T  lymphocytes  (CTL)  capable  of  recognizing  specific  HLA/peptide  complexes  on 
tumor  cells  leading  to  tumor  cell  lysis.  Currently,  HER2/neu,  overexpressed  in  only  30%  of  breast 
and  ovarian  cancers,  is  the  only  known  source  of  CTL-recognized  peptides  in  epithelial  cancers. 
Therefore,  we  have  investigated  peptides  derived  from  folate  binding  protein  (FBP),  which  is 
over-expressed  in  more  than  90%  of  ovarian  cancers  and  in  the  majority  of  other  epithelial  tumors. 

Methods:  TAL  were  isolated  from  the  malignant  ascites  of  four  consecutive  HLA-A2+  ovarian 
cancer  patients  and  incubated  in  IL-2.  Initial  chromium-release  assays  were  performed  within  1 
week.  T2  cells,  incubated  with  peptide,  were  used  to  reconstitute  T  cell  epitopes.  The  FBP  sequence 
was  interrogated  for  HLA-A2  binding  peptides,  and  five  were  synthesized  (E37-41). 

Results:  Freshly  cultured,  unstimulated  ovarian  TAL  recognize  peptides  derived  from  FBP. 
These  peptides  are  presented  in  the  context  of  HLA-A2,  and  are  specifically  recognized  in  a  HLA 
class  I-restricted  fashion.  TAL  recognition  of  these  reconstituted  T  cell  epitopes  is  concentration 
dependent.  Furthermore,  the  FBP  peptides  are  shown  by  cold  target  inhibition  studies  to  be  naturally 
processed  and  presented  antigens. 

Conclusions:  FBP  peptides  are  recognized  by  freshly  isolated  TAL  from  ovarian  cancer  patients, 
suggesting  in  vivo  expression  and  sensitization.  Because  FBP  is  over-expressed  20-fold  in  most 
adenocarcinomas,  these  peptides  may  be  used  in  a  widely  applicable  peptide-based  vaccine  for 
epithelial  tumors. 

Key  Words:  CTL — Peptide — Vaccine — Folate  binding  protein 


A  specific  anticancer  immune  response  has  been  well 
established  in  melanoma  and,  to  a  lesser  degree,  in  epi¬ 
thelial  tumors.  However,  in  cancers  of  the  ovary,  breast, 
lung,  and  pancreas,  tumor-specific  cytotoxic  T  lympho¬ 
cytes  (CTL)  have  been  isolated  from  tumors,  suggesting 
a  host  response.1^  The  most  intensely  studied  epithelial 
tumor  is  ovarian  cancer.5-9  This  tumor  has  provided  an 
invaluable  model  for  the  study  of  the  specifics  and  simi¬ 
larities  of  the  immune  response  to  epithelial  cancers  as 
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compared  to  melanoma.  Ovarian  cancer,  which  is  the 
fourth  leading  cause  of  cancer  death  among  American 
women,10  offers  some  unique  advantages  as  a  tumor 
model  for  immunologic  research.  This  disease  often 
presents  in  advanced  stages  with  bulky  disease  and  ma¬ 
lignant  ascites,  and  the  primary  treatment  involves  a 
staging  laparotomy  with  tumor  debulking,  resulting  in 
large  volumes  of  solid  and  ascitic  tumor  for  laboratory 
use.  Tumor-reactive  CTL  are  readily  and  reproducibly 
isolated  from  both  the  solid  tumors  and  ascites,  and  the 
latter  can  be  recollected  multiple  times  without  sur¬ 
gery.1,5-9  The  motivation  for  developing  immunologic 
alternative  therapies  for  this  disease  is  high,  because  no 
effective  treatments  currently  exist  for  women  who  fail 
primary  platinum  or  taxol-based  chemotherapy.10 

The  classic  interaction  between  the  T  cell  receptor 
(TCR)  on  the  CTL  and  the  HLA/peptide  complex  on  the 
tumor  cell  has  been  verified  in  the  ovarian  model,  and  as 
in  melanoma,  HLA-A2,  which  is  expressed  in  50%  of 
Caucasians,  has  been  confirmed  as  a  restriction  ele- 
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ment.11  However,  the  most  promising  aspect  of  ovarian 
cancer  research  to  date  has  been  the  discovery  that  com¬ 
mon  CTL-recognized,  tumor-associated  antigens  (TAA) 
are  expressed  not  only  on  various  ovarian  cancers,  but 
also  on  multiple  other  epithelial  tumors.  For  example,  we 
have  shown  that  ovarian  cancer- specific  CTL  also  rec¬ 
ognize  common  determinants  on  HLA-matched  colon 
and  pancreas  cancers.12  Likewise,  in  separate  studies,  we 
have  found  that  tumor-specific  CTL  isolated  from  HLA- 
matched  ovarian  and  breast  cancer  patients  are  cross¬ 
reactive  for  tumor  recognition.13 

In  searching  for  these  common  TAA,  we  also  have 
demonstrated  the  concept  of  shared  TAA  among  various 
epithelial  tumors  by  acid  elution  studies.  Using  an  ovar¬ 
ian  cancer  cell  line14  and  freshly  isolated  tumor  cells,15 
we  have  eluted  the  peptide  antigens  out  of  the  HLA 
molecules,  fractionated  them,  and  reconstituted  these 
epitopes  on  the  HLA-A2+  antigen  processing  defective 
mutant  T2.16  We  have  shown  that  ovarian,  breast,  and 
non-small  cell  lung  cancer-specific  CTL  recognize  the 
same  antigenic  fractions,  further  proving  that  common 
TAA  exists  among  epithelial-derived  tumors.14 

The  identification  of  these  TAA  has  progressed  slowly 
despite  the  rapid  developments  in  vaccine  research  in 
melanoma;  however,  one  such  antigen  system  has  been 
found  and  confirmed  by  different  groups.  HER2/neu  is  a 
proto-oncogene,  and  its  protein  product  has  been  shown 
to  be  the  source  of  multiple  peptides  that  are  recognized 
by  ovarian,  breast,  pancreas,  and  lung  cancer-specific 
CTL.3,4,13’17,18  Fortunately,  HER2/neu  expression  has  been 
demonstrated  in  multiple  epithelial-derived  tumors.19,20 
However,  because  this  is  a  normal,  nonmutated  protein, 
its  usefulness  as  an  immunologic  target  depends  on  its 
level  of  overexpression,  and  HER2/neu  is  overexpressed 
in  only  30%  of  ovarian  and  breast  cancers.21 

Folate  binding  protein  (FBP),  also  known  as  LK26 
trophoblast  antigen22  and  GP38,23  is  a  membrane- 
associated  glycoprotein  recognized  by  the  monoclonal 
antibodies  (mAb)  LK26,  MOvl8,  and  MOvl9  and  found 
to  be  overexpressed  in  the  vast  majority  of  ovarian  can¬ 
cers  22,24  The  level  of  expression  has  been  found  to  be 
more  than  20-fold  higher  in  malignant  cells  than  in  nor¬ 
mal  cells,25  and  in  one  study  was  reported  to  be  80-  to 
90-fold  higher.24  FBP  has  been  the  focus  of  many  studies 
using  mAbs, 26,27  folate  conjugates,28,29  and  antifolates,30 
but  has  not  yet  been  investigated  as  a  potential  source  of 
CTL-recognized  peptides  for  use  in  anti-cancer  vaccines. 

In  this  study,  we  demonstrate  that  fresh  tumor- 
associated  lymphocytes  (TAL)  from  consecutive  ovarian 
cancer  patients  recognize  FBP  peptides  in  an  HLA-A2- 
restricted  fashion,  and  that  these  peptides  are  naturally 
processed  antigens. 


MATERIALS  AND  METHODS 

Tumor- Associated  Lymphocyte  Cultures 

TAL  were  isolated  from  fresh  collections  of  malignant 
ascites  obtained  through  the  Department  of  Gynecologic 
Oncology  at  The  University  of  Texas  M.  D.  Anderson 
Cancer  Center  under  the  approval  of  the  Institutional 
Review  Board.  Specimens  were  processed  as  previously 
described.5  Briefly,  malignant  ascites  was  collected  ster- 
ilely  in  heparinized  containers  and  immediately  trans¬ 
ported  to  the  laboratory.  The  cellular  elements  of  the 
ascites  were  obtained  by  centrifugation  and  washed  with 
serum-free  RPMI-1640.  Once  resuspended,  the  lympho¬ 
cytes  and  tumor  cells  were  separated  by  centrifugation 
over  discontinuous  75%/100%  Ficoll-Histopaque 
(Sigma,  St.  Louis,  MO)  gradients.  Freshly  isolated  TAL 
were  suspended  in  RPMI-1640  containing  100  fig/mL 
L-glutamine  (Gibco,  Grand  Island,  NY)  supplemented 
with  10%  FCS  (Sigma),  40  |xg/mL  gentamicin,  and  50  to 
100  IU/mL  IL-2  (Cetus,  Emeryville,  CA).  T  cells  were 
cultured  at  0.5  to  1.0  x  106  cells/mL  and  placed  in  a 
humidified  incubator  at  37°C  in  5%  C02  and  maintained 
at  this  concentration  with  the  addition  of  media  as 
needed  and  IL-2  every  2  to  3  days,  depending  on  the 
growth  kinetics.  Consecutive  specimens  were  processed 
and  cultured. 

Tumor  Targets 

The  SKOv3  ovarian  cancer  cell  line  (ATCC,  Rock¬ 
ville,  MD)  was  transfected  with  the  HLA-A2  expression 
vector  RSV.5-neo  with  resulting  high  levels  of  HLA-A2 
expression,  as  previously  described.31  This  cell  line  is 
maintained  in  RPMI-1640  with  10%  FCS  and  250  p,g/ 
mL  G418  (Sigma).  Fresh-frozen  tumor  was  collected 
from  the  malignant  ascites  after  Ficoll  separation  and 
frozen  in  aliquots  in  liquid  nitrogen  until  used. 

Phenotype  Analysis 

The  HLA-A2  status  of  these  TAL  lines  was  deter¬ 
mined  by  indirect  staining  with  anti-HLA-A2  mAbs 
BB7.2  and  MA2.1  (ATCC),  50  juiL  of  1  :  50  dilution  of 
culture  supernatant  at  4°C  for  30  minutes,  followed  by  a 
30-minute  incubation  with  goat  antimouse  mAb  conju¬ 
gated  with  FITC  (Becton  Dickinson,  Mountain  View, 
CA)  and  analyzed  on  a  Coulter  Epics  C  Cytometer 
(Coulter  Electronics,  Hileah,  FL). 

Synthetic  Peptides 

Peptides  were  synthesized  in  the  Synthetic  Antigen 
Laboratory  of  The  University  of  Texas  M.  D.  Anderson 
Cancer  Center  using  solid  phase  techniques  on  an  Ap¬ 
plied  Biosystems  430  peptide  synthesizer  (Applied  Bio¬ 
systems,  Foster  City,  CA).  Crude  products  were  dis- 
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solved  and  injected  onto  C-18  4.6-mm  LD.  reverse  phase 
HPLC  columns  (Rainin)  and  eluted  with  linear  TFA- 
acetonitrile  gradients.  Identity  and  purity  of  final  mate¬ 
rials  were  established  by  amino  acid  analysis  and  ana¬ 
lytical  RP-HPLC.  All  peptides  used  in  this  study  were 
between  92%  and  95%  pure.  All  peptides  were  derived 
from  the  FBP  sequence  and  contained  I/L/V  at  the  dom¬ 
inant  anchor  sites,  P2  and  P9,  necessary  for  HLA-A2 
binding. 

HLA-A2  Stabilization  Assays 

Indirect  assessment  of  peptide  binding  was  performed 
by  HLA-A2  stabilization  assays,  as  previously  de¬ 
scribed.32  Briefly,  T2  cells  were  pulsed  overnight  with 
saturating  quantities  (100  jjig/mL)  of  each  peptide.  The 
cells  were  then  washed  and  FACS  analysis  performed  as 
above  with  BB7.2  and  confirmed  with  MA2.1.  HLA-A2 
expression  was  then  quantitated  as  mean  channel  fluo¬ 
rescence  and  compared  to  the  expression  level  on  non¬ 
peptide-loaded  T2.  Stabilization  is  expressed  as  a  ratio  of 
the  HLA-A2  expression  of  peptide-loaded  T2  to  un¬ 
loaded  T2. 

Cytotoxicity  Assays 

Cytotoxicity  was  determined  by  standard  chromium 
release  assays,  as  previously  described.5  Briefly,  targets 
were  labeled  with  100  to  150  pCi  of  sodium  chromate 
(Amersham,  Arlington  Heights,  IL)  for  1.5  hours  at 
37°C,  then  washed  twice  and  plated  at  2000  to  2500 
cells/well  in  100  pL  in  96- well  round-bottom  plates 
(Costar,  Cambridge,  MA).  Effectors  were  added  at  des¬ 
ignated  effector  :  target  (E  :  T)  ratios  in  100  pL  per  well. 
After  5  to  20  hours  of  incubation,  100  pL  of  culture 
supernatant  was  collected,  and  radionuclide  release  was 
measured  on  a  gamma  counter  (Gamma  5500B,  Beck¬ 
man,  Fullerton,  CA).  All  determinants  were  done  in  trip¬ 
licate.  Results  are  expressed  as  percent-specific  lysis  as 
determined  by  the  following  formula: 

(experimental  mean  cpm  -  spontaneous  mean  cpm)/ 
(maximum  mean  cpm  -  spontaneous  mean  cpm)  x  100. 

Peptide-Pulsed  Cytotoxicity  Assays 

For  these  experiments,  the  T2  cell  line  (generously 
donated  by  P.  Creswell)  was  used.  This  cell  line  is  a 
human  T  cell/B  cell  fusion  product  containing  an  anti¬ 
gen-processing  defect  in  the  TAP  proteins  such  that 
HLA-A2  molecules  are  empty  on  the  cell  surface  or  con¬ 
tain  relatively  few  bound  peptides  that  can  be  effectively 
displaced  by  exogenous  HLA-A2-binding  peptides.16 
The  T2  cells  were  labeled  with  chromium  as  above, 
washed,  and  then  incubated  with  peptide  for  1.5  hours  at 
37°C  before  standard  cytotoxicity  assays  were  performed. 


mAb-Blocking  Assays 

Before  the  standard  cytotoxicity  assays  were  per¬ 
formed,  peptide-pulsed  T2  was  incubated  with  anti- 
HLA-A2  mAb  BB7.2  (50  |xL  of  1  :  50  dilution  of  culture 
supernatant/well)  or  anti-HLA-A,B,C  mAb  W6/32 
(ATCC)  (5  pL/well)  for  30  minutes  at  37°C  before  the 
effectors  were  added. 

Cold  Target  Inhibition  Assays 

Unlabeled  T2  was  incubated  with  peptide  for 
1.5  hours,  then  added  to  standard  cytotoxicity  assays 
with  chromium-labeled  tumor  targets  and  effectors.  The 
cold  :  hot  target  ratio  was  15  :  1.  T2  without  peptide  also 
was  used  as  a  control. 

Cold  Target  Inhibition  Assays 

Unlabeled  T2  was  incubated  with  peptide  for 
1.5  hours,  then  added  to  standard  cytotoxicity  assays 
with  chromium-labeled  tumor  targets  and  effectors.  The 
cold  :  hot  target  ratio  was  15  :  1.  T2  without  peptide  also 
was  used  as  a  control. 

RESULTS 

Folate  Binding  Protein-Derived  Peptides 

The  FBP  sequence  was  interrogated  for  potential 
HLA-A2-binding  nonamers  utilizing  the  known  binding 
motifs  for  this  molecule.8  Five  peptides  were  selected  for 
synthesis,  based  on  the  presence  of  leucine,  isoleucine,  or 
valine  in  the  dominant  anchor  positions  P2  and  P9,  and 
the  potential  of  these  peptides  to  form  amphiphilic  struc¬ 
tures.8  Peptides  were  selected  with  a  wide  range  of  pre¬ 
dicted  binding  affinity.  An  indirect  analysis  of  HLA-A2 
binding  was  performed  with  HLA-A2  stabilization  as¬ 
says,  which  are  based  on  the  concept  that  peptide  affinity 
is  directly  proportional  to  enhanced  HLA-A2  expression 
because  peptides  stabilize  the  HLA  molecules  on  the  cell 
surface  of  T2.  Therefore,  a  peptide  with  high  affinity 
causes  more  HLA  stabilization  and  higher  expression. 
The  peptide  sequences,  their  positions,  and  their  relative 
binding  affinities  are  listed  in  Table  1.  The  HLA-A2 
expression  is  given  as  a  ratio  of  peptide-induced  expres¬ 
sion  over  expression  on  unloaded  T2.  Four  of  the  pep¬ 
tides  are  relatively  low-affinity  binders,  whereas  E38  is  a 
high-affinity  binder. 

FBP  Peptide  Recognition  by  Ovarian 
Cancer-Associated  Lymphocytes 

Four  consecutive  ovarian  malignant  ascites  specimens, 
which  were  subsequently  found  to  be  HLA-A2  positive, 
were  processed,  and  the  TAL  isolated  and  cultured  in 
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TABLE  1.  FBP-derived  peptide  sequences  and  HLA-A2 
stabilization  assays  to  confirm  peptide  binding  and 
relative  affinities 


FBP  peptide 

Sequence 

HLA-A2 
(MCF  ratio)* 

E37  (25-33) 

RIAWARTEL 

1.16 

E38  (112-120) 

NLGPWIQQV 

3.64 

E39  (191-199) 

EIWTHSTKV 

1.33 

E40  (247-255) 

SLALMLLWL 

1.18 

E41  (245-253) 

LLSLALMLL 

1.20 

No  peptide 

1.00 

*  MCF,  mean  channel  fluorescence  of  FACS  analysis  with  anti- 
HLA-2  mAb  BB7.2.  No  peptide  was  utilized  as  baseline  expression  of 
HLA-A2  on  T2.  Results  are  expressed  as  a  ratio  of  the  MCF  with  the 
specific  peptide  as  compared  to  no  peptide. 

IL-2.  Standard  cytotoxicity  assays  were  performed  with 
the  TAL  populations  within  a  week  of  culture  initiation 
to  limit  in  vitro  artifact.  Figure  1  shows  the  results  of 
OvTALl  and  OvTAL4  at  multiple  E  :  T  ratios  against  all 
five  of  the  FBP-derived  peptides  and  unloaded  T2  as  a 
control.  E39-pulsed  T2  resulted  in  the  best  cytotoxicity 
with  both  of  these  effector  populations.  The  recognition 
of  this  peptide  by  fresh,  unmanipulated  TAL  suggests 


FIG.  1.  Freshly  cultured  ovarian  TAL  recognize  FBP  peptides.  Con¬ 
secutive  HLA-A2+  ovarian  TAL  (OvTAL)  were  isolated  from  malig¬ 
nant  ascites  and  cultured  in  IL-2  without  specific  stimulation.  OvTALl 
and  OvTAL4  were  tested  at  multiple  E :  T  ratios  in  standard  5-hour 
chromium-release  assays  for  recognition  of  the  HLA-A2+  antigen¬ 
processing  mutant  T2,16  when  loaded  with  five  FBP  peptides  (E37- 
E41)  or  no  peptide  (T2)  as  a  negative  control. 


that  these  effectors  have  been  previously  exposed  or 
primed  to  this  epitope  in  vivo.  To  confirm  these  findings, 
all  four  TAL  populations  were  tested  against  all  five 
peptides  in  replicated  assays  performed  in  triplicate. 
These  results  are  presented  in  Figure  2.  Several  patterns 
of  recognition  emerged  from  these  assays,  and  are  in¬ 
dicative  of  the  different  T  cell  repertoires  present  in  the 
TAL  populations.  E37,  a  low-affinity  binder,  and  E38,  a 
high-affinity  binder,  were  not  significantly  recognized  in 
these  assays,  and,  therefore,  served  as  negative  peptide 


1 5  "I - - — - 

OvTALl 


T2  T2/37  T2/38  T2/39  T2/40  T2/41 


T2  T2/37  T2/38  T2/39  T2/40  T2/41 


T2  T2/37  T2/38  T2/39  T2/40  T2/41 


PEPTIDE-LOADED  T2 

FIG.  2.  FBP  peptide  recognition  by  consecutive  ovarian  TAL.  Four 
consecutive  HLA-A2+  OvTAL  populations  were  tested  against  T2 
loaded  with  the  five  FBP  peptides  in  standard  5-hour  cytotoxicity  as¬ 
says.  These  assays  were  performed  in  triplicate  at  an  E :  T  ratio  of 
20  :  1  and  replicated  for  each  effector.  The  results  are  expressed  as  % 
specific  lysis  ±  SEM. 
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controls.  E39-loaded  T2  was  the  most  consistently  rec¬ 
ognized  target,  being  lysed  by  three  of  four  cultures.  The 
lysis  data  were  significant  overall  when  the  data  was 
pooled  and  compared  to  unloaded  T2  or  E37  and  E38- 
pulsed  T2  (P  <.05).  E39  appears  to  be  the  immunodomi¬ 
nant  FBP-derived  peptide,  whereas  E40  and  E41  may 
serve  as  subdominant  peptides,  because  each  reconsti¬ 
tuted  T-cell  epitopes,  with  variable  recognition. 

The  Specificity  of  TAL  Recognition  of  the 
FBP-derived  Peptide  E39 

To  confirm  the  specific  recognition  of  the  HLA-A2/ 
E39  peptide  complex  on  T2  cells  by  CTL,  inhibition 
assays  were  performed  by  initially  adding  the  anti-HLA- 
A2  mAb  BB7.2  to  standard  cytotoxicity  assays.  Figure 
3  A  demonstrates  the  successful  inhibition  of  OvTAL2 
lysis  of  T2/39  at  multiple  E  :  T  ratios  by  blocking  HLA- 
A2  in  5-hour  assays.  These  data  were  confirmed  with 
two  TAL  populations  in  20-hour  51Cr-release  assays  to 
enhance  the  sensitivity  of  the  method,  as  presented  in 
Figure  3 B.  In  the  latter  set  of  experiments,  anti-HLA 
class  I  mAb,  W6/32,  also  was  utilized  to  confirm  HLA 
class  I  presentation  of  the  peptide  to  CTL  because  the 
W6/32  mAb  is  a  more  effective  blocker  of  cytotoxicity 
than  is  BB7.2.  These  assays  were  repeated,  and  similar 
results  were  obtained. 

Peptide  Concentration-dependent  TAL  Recognition 
of  FBP-derived  Peptide,  E39 

To  better  understand  the  kinetics  of  CTL  recognition 
of  the  E39  peptide,  T2  cells  were  split  into  five  parallel 
cultures  and  each  pulsed  with  a  different  concentration  of 
the  peptide  from  2  to  100  |xg/mL  for  1.5  hours  before 
standard  cytotoxicity  assays  with  the  same  effector 
(OvTALl)  at  a  constant  E  :  T  ratio  (Fig.  4).  The  optimal 
concentration  with  this  low-affinity  binding  peptide  was 
found  to  be  50  jxg/mL,  and  half-maximal  lysis  occurred 
at  the  2  to  5  |mg/mL  range.  This  is  consistent  with  the 
range  observed  with  HER2/neu  peptides  and  most  mela¬ 
noma  antigen  peptides. 13,18,33  Cytotoxicity  dropped  con¬ 
siderably  at  higher  concentrations,  which  has  been  a  con¬ 
sistent  finding  in  other  peptide  studies. 

FBP-derived  Peptides  Are  Naturally 
Processed  Antigens 

Cold  target  inhibition  assays  were  performed  to  deter¬ 
mine  whether  FBP-derived  peptides  reconstitute  T-cell 
epitopes  that  are  naturally  processed  and  presented  on 
ovarian  tumor  cells.  Cold  T2  were  pulsed  with  E39  and 
then  used  to  block  the  cytotoxicity  of  TAL  populations 
for  the  ovarian  cancer  cell  line  SKOv3.A2.  This  cell  line 
has  been  transfected  with  HLA-A2  in  our  laboratory  and 
described  previously.31  Figure  5  shows  that  in  multiple 


FIG.  3.  OvTAL  recognition  of  FBP  peptide-loaded  T2  is  HLA-A2 
restricted.  mAb  blocking  assays  were  performed  with  the  anti-HLA- A2 
mAb  BB7.2,  and  the  anti-HLA  class  I  mAb  W6/32.  (A)  OvTAL2  was 
tested  against  T2  loaded  with  E39,  E37,  or  no  peptide  in  standard 
5-hour  cytotoxicity  assays  at  multiple  E  :  T  ratios.  The  specific  lysis  of 
T2/39  was  inhibited  by  adding  BB7.2  to  the  wells  30  minutes  before  the 
assays.  (B)  Both  BB7.2  and  W6/32  were  tested  for  inhibition  of  the 
cytotoxicity  of  OvTAL2  and  OvTAL4  for  T2/39  in  20-hour  assays  at 
multiple  E  :  T  ratios.  T2  loaded  with  no  peptide  or  E37  were  used  as 
negative  controls.  Results  are  expressed  as  %  specific  lysis.  Results 
were  confirmed  in  multiple  assays. 


assays,  T2/39  effectively  inhibited  20%  to  40%  of  the 
tumor  lysis  by  OvTALl  and  OvTAL4  (P  <.05).  These 
findings  suggest  that  the  CTL  specific  for  this  epitope 
contribute  significantly  to  the  recognition  of  this  ovarian 
cancer  cell  line.  Furthermore,  these  data  demonstrate  that 
FBP-derived  peptides  are  naturally  processed  and  pre¬ 
sented  antigens  on  intact  ovarian  tumor  cells. 
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FIG.  4.  OvTAL  recognition  of  FBP  peptide  E39  is  concentration 
dependent.  OvTAL  1  was  tested  against  T2  incubated  with  increasing 
concentrations  of  peptide  in  standard  5-hour  cytotoxicity  assays  at  an 
E :  T  ratio  of  20  :  1.  The  results  are  expressed  as  %  specific  lysis  ± 
SEM. 
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FIG.  5.  The  FBP  peptide  E39  is  a  naturally  processed  and  presented 
antigen  in  ovarian  cancer.  Cold  target  inhibition  assays  were  performed 
with  OvTAL  1  and  OvTAL4  in  replicated  experiments.  Cold  T2  loaded 
with  E37  (negative  control  peptide),  E39,  or  no  peptide  (T2)  were 
tested  at  a  cold  :  hot  ratio  of  15  :  1  for  inhibition  of  the  recognition  of 
the  ovarian  cancer  cell  line  SKOv3.A227  by  OvTAL  at  E  :  T  ratios  of 
20  :  1  in  20-hour  chromium-release  assays.  Results  are  expressed  as  % 
inhibition  by  T2/39  compared  to  T2/37  and  T2. 


DISCUSSION 

This  study  demonstrates  that  FBP  is  a  source  of  anti¬ 
genic  peptides  that  induce  an  endogenous  immune  re¬ 
sponse,  as  shown  by  the  ability  of  freshly  isolated  and 
unmanipulated  TAL  to  recognize  several  of  these  pep¬ 
tides,  particularly  E41  and,  most  consistently,  E39. 
These  peptides  were  recognized  in  a  HLA-restricted 
fashion,  and  the  cytotoxicity  was  concentration  depen¬ 
dent.  Furthermore,  E39  was  shown  indirectly  to  be  a 
naturally  processed  and  expressed  antigen  on  the  ovarian 
cancer  cell  line  SKOv3.A2,  because  peptide-loaded  T2 
could  significantly  inhibit  CTL  killing  of  this  cancer  line. 
Together  these  data  strongly  suggest  that  FBP  is  an  en¬ 
dogenous  TAA  and  is  the  source  of  antigenic  peptides 
recognized  by  TAL  in  ovarian  cancer. 

Ovarian  cancer  has  served  as  an  extremely  important 
model  for  the  study  of  the  immune  response  to  epithelial 
cancer,  as  demonstrated  by  the  work  of  multiple 
groups.5"9  Most  importantly,  the  findings  have  been  ex¬ 
tended  to  other  less  studied  and  technically  more  chal¬ 
lenging  epithelial  tumor  models.  Furthermore,  many 
findings  in  melanoma  have  been  confirmed  for  epithelial 
cancers  using  this  model.  For  example,  we  now  know 
that  an  endogenous  cellular  immune  response  does  exist 
in  a  variety  of  epithelial  cancers,  and  that  this  response 
involves  the  specific  recognition  of  antigenic  peptides 
presented  by  HLA  molecules,  specifically  HLA-A2,  to 
specific  TCR  on  tumor-infiltrating  or  tumor-associated 
CTL.7,9,11  Unlike  melanoma,  investigation  into  the  iden¬ 
tity  of  these  peptides  has  so  far  resulted  in  only  one 
confirmed  TAA,  as  defined  by  recognition  by  cellular 
immunity.  Only  the  protein  product  of  the  oncogene 


HER2/neu  has  been  shown  to  serve  as  a  source  of  en¬ 
dogenously  recognized  antigenic  peptides.13,18  Unfortu¬ 
nately,  this  protein  is  overexpressed  in  only  30%  of  all 
ovarian  and  breast  cancers.21  The  advancement  in  anti¬ 
cancer  vaccine  research  has  been  swift  in  melanoma  and 
has  been  fueled  by  the  ready  supply  of  multiple  com¬ 
monly  expressed  TAA.33  For  further  development  of  po¬ 
tentially  widely  applicable  epithelial  cancer  vaccines, 
more  CTL-recognized  TAA  must  be  found  for  epithelial 
tumors. 

FBP  originally  was  discovered  from  three  independent 
lines  of  investigation.  The  LK26  antigen  was  identified 
with  a  mAb  raised  against  the  choriocarcinoma  cell  line 
Lu-75(c)  by  Rettig  et  al.34  This  antigen  initially  was 
found  to  be  expressed  in  normal  as  well  as  malignant 
trophoblastic  cells  and  eventually  in  ovarian  carcino¬ 
mas.22  The  MOvl8  and  MOvl9  mAbs  were  raised 
against  an  ovarian  carcinoma  cell  membrane  preparation 
and  initially  were  found  to  react  with  a  cell  surface  gly¬ 
coprotein  with  a  molecular  weight  of  38  kd.23  This  pro¬ 
tein  was  cloned  and  sequenced  and  found  to  be  a  high- 
affinity  FBP.35  Likewise,  the  latter  protein  also  was  char¬ 
acterized  from  placenta  and  KB  carcinoma  cell  lines.36 
The  LK26  antigen  eventually  was  found  to  be  closely 
related  or  identical  to  the  MOv  18/MOv  19  antigen.22 

The  distribution  of  FBP  expression  is  extremely  inter¬ 
esting  and  is  relevant  for  immunotherapy.  This  protein  is 
expressed  in  some  normal  specialized  epithelium,  such 
as  choroid  plexus,  lung,  thyroid,  kidney,  and  sweat 
glands,  but  at  very  low  levels  25  The  highest  levels  of 
expression  of  FBP  have  been  found  in  ovarian  carcino¬ 
mas,  and  in  several  independent  studies  more  than  90% 
of  all  ovarian  carcinomas  tested  expressed  elevated  lev¬ 
els  of  this  protein.22,24  The  levels  of  overexpression  have 
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been  shown  to  be  more  than  20  times  that  of  normal 
tissue,25  and  in  one  study  were  reported  to  be  as  high  as 
80  to  90  times  that  of  normal  tissue.24  In  addition,  mul¬ 
tiple  tumor  types  have  been  shown  to  overexpress  the 
LK26/FBP  antigen,  including  10  of  11  endometrial  can¬ 
cers,  six  of  27  colorectal  cancers,  1 1  of  53  breast  cancers, 
six  of  18  lung  cancers,  nine  of  18  renal  cell  cancers,  three 
of  three  lung  carcinoids,  and  four  of  four  brain  metasta- 
ses  from  breast  cancer.  Mesotheliomas,  lymphomas,  sar¬ 
comas,  and  neuroectodermal  tumors  were  either  negative 
or  rarely  positive  for  FBP  expression.22 

The  fact  that  this  TAA  is  so  widely  and  differentially 
expressed  among  multiple  epithelial  tumor  types  makes 
it  an  ideal  target  for  immunotherapy.  Multiple  attempts 
have  been  made  to  target  therapeutic  strategies  toward 
FBP,  including  folate  conjugates  and  antifolates.28-30 
Several  studies  have  involved  immunoconjugates  or 
bispecific  mAbs,  similar  to  the  studies  targeting  CA- 
125  26,27  The  use  of  mAbs  against  this  and  other  similar 
cell  surface  antigens  has  been  limited,  because  many  of 
these  mAbs  have  been  raised  against  membrane  extracts 
and  may  have  less  efficient  recognition  against  the  en¬ 
dogenously  expressed  conformational  protein.  Also,  FBP 
is  shed,  and  much  of  the  available  mAb  is  bound  to 
circulating  antigen.  Finally,  much  of  the  tumor  often  is 
inaccessible  to  circulating  mAbs,  and  they  are  rapidly 
cleared  by  the  host.  For  these  and  other  reasons,  devel¬ 
oping  mAb-mediated  therapies  targeting  FBP  has  been  a 
challenge.  However,  the  fact  remains  that  most  ovarian 
carcinomas  drastically  overexpress  FBP,  and  this  antigen 
is  endogenously  processed  and  presented  for  recognition 
by  cellular  immunity. 

The  FBP-derived  peptides  shown  in  this  study  to  be 
recognized  by  ovarian  cancer-associated  CTL  may  be 
used  in  several  different  immunotherapeutic  strategies. 
First,  these  peptides  could  be  used  to  stimulate  FBP- 
specific  CTL  in  vitro  for  cellular  therapy.  Adoptive  im¬ 
munotherapy  has  been  shown  to  reduce  tumor  burden 
significantly  in  up  to  30%  of  end-stage  melanoma  and 
renal  cell  carcinoma  patients  with  TIL.37,38  In  ovarian 
cancer,  TIL  in  combination  with  chemotherapy  had  a 
synergistic  effect,  with  better  results  than  chemotherapy 
alone.39  These  results  were  obtained  with  uneducated 
and  largely  nonspecific  TIL,  and  could  be  appreciably 
improved  with  highly  specific  CTL  directed  toward  a 
known  TAA.  CTL  induction  studies  with  FBP  peptides 
currently  are  underway  in  our  laboratory. 

These  peptides  also  may  form  the  basis  of  a  peptide 
vaccine.  Delivery  systems  for  peptide  antigens,  including 
dendritic  cells  and  viral  vectors,  currently  are  being  in¬ 
vestigated  in  melanoma  with  several  ongoing  studies.40 
Encouraging  results  have  been  reported  with  the  efficient 


induction  of  cellular  responses  in  vivo  to  melanoma- 
derived  peptide  antigens  effectively  delivered  41,42  We, 
too,  have  been  investigating  HER2/neu-derived  peptides 
in  similar  strategies  and  have  found  efficient  CTL  induc¬ 
tion  in  vitro  with  peptide-pulsed  dendritic  cells  43  We 
currently  are  studying  the  E75  peptide  in  clinical  trials 
and  virally  delivered  peptide  in  vitro.  Similar  studies  will 
soon  be  initiated  with  FBP-derived  peptides. 

The  successful  development  of  a  vaccine  against  epi¬ 
thelial  cancer  rests  on  the  identification  of  widely  ex¬ 
pressed,  CTL-recognized  antigens  that  are  either  exclu¬ 
sively  or  highly  associated  with  cancerous  cells.  FBP 
appears  to  be  the  second  such  known  antigen  and  may  be 
superior  to  HER2/neu,  given  its  distribution  and  level  of 
expression  as  a  target  for  cellular  immunity. 

Acknowledgments:  This  work  was  supported  by  grants, 
D AMD  1 7-94- J43 1 3/17-97- 1 7098  (CGI). 


REFERENCES 

1.  Ioannides  CG,  Platsoucas  CD,  Rashed  S,  Wharton  JT,  Edwards 
CL,  Freeman  RS.  Tumor  cytolysis  by  lymphocytes  infiltrating 
ovarian  malignant  ascites.  Cancer  Res  1991;51:4257-65. 

2.  Linehan  DC,  Goedegebuure  PS,  Peoples  GE,  Rogers  SO,  Eberlein 
TJ.  Tumor-specific  and  HLA-A2-restricted  cytolysis  by  tumor  as¬ 
sociated  lymphocytes  in  human  metastatic  breast  cancer.  J  Immu¬ 
nol  1995;155:4486-91. 

3.  Yoshino  I,  Peoples  GE,  Goedegebuure  PS,  DiMaio  JM,  Gazdar 
AF,  Eberlein  TJ.  HER2/neu-derived  peptide(s)  are  shared  antigens 
among  human  non-small  cell  lung  cancer  and  ovarian  cancer.  Can¬ 
cer  Res  1994;54:3387-90. 

4.  Peiper  M,  Goedegebuure  PS,  Linehan  DC,  Ganguly  E,  Douville 
CC,  Eberlein  TJ.  The  HER2/neu-derived  peptide  p654-662  is  a 
tumor-associated  antigen  in  human  pancreatic  cancer  recognized 
by  cytotoxic  T  lymphocytes.  Eur  J  Immunol  1997;27:1115-23. 

5.  Peoples  GE,  Schoof  DD,  Andrews  JVR,  Goedegebuure  PS,  Eber¬ 
lein  TJ.  T  cell  recognition  of  ovarian  cancer.  Surgery  1993;  114: 
227-34. 

6.  Ioannides  CG,  Freedman  RS,  Platsoucas  CD,  Rashed  S,  Kim  Y-P. 
Cytotoxic  T  cell  clones  isolated  from  ovarian  tumor-infiltrating 
lymphocytes  recognize  multiple  antigenic  epitopes  on  autologous 
tumor  cells.  J  Immunol  1991;146:1700-07. 

7.  Peoples  GE,  Davey  MP,  Goedegebuure  PS,  Schoof  DD,  Eberlein 
TJ.  T  cell  receptor  V(32  and  V|36  mediate  tumor-specific  cytotox¬ 
icity  by  tumor-infiltrating  lymphocytes  in  ovarian  cancer.  J  Immu¬ 
nol  1993;151:5472-80. 

8.  Ioannides  CG,  Ioannides  MG,  O’ Brian  CA.  T-cell  recognition  of 
oncogene  products:  a  new  strategy  for  immunotherapy.  Mol  Car¬ 
cinogen  1992;6:77-81. 

9.  Peoples  GE,  Yoshino  I,  Douville  C,  Andrews  JVR,  Goedegebuure 
PS,  Eberlein  TJ.  TCR  V(33+  and  V{36+  CTL  recognize  tumor- 
associated  antigens  related  to  HER2/neu  expression  in  HLA-A2+ 
ovarian  cancers.  J  Immunol  1994;152:4993-9. 

10.  Fraumeni  JF,  Hoover  RN,  Devesa  SS,  Kinlen  LJ.  In:  DeVita  VT, 
Heilman  S,  Rosenberg  SA,  eds.  Cancer:  Principles  and  Practice  of 
oncology.  4th  ed.  Philadelphia:  JB  Lippincott,  1993:154. 

11.  Peoples  GE,  Goedegebuure  PS,  Andrews  JVR,  Schoof  DD,  Eber¬ 
lein  TJ.  HLA-A2  presents  shared  tumor-associated  antigens  de¬ 
rived  from  endogenous  proteins  in  ovarian  cancer.  J  Immunol 
1993;151:5481-91. 

12.  Ioannides  CG,  Fisk  B,  Pollack  MS,  Frazier  ML,  Wharton  JT,  Free- 


Ann  Surg  Oncol,  Vol  5,  No.  8,  1998 


750 


G.  E.  PEOPLES  ET  AL. 


man  RS.  Cytotoxic  T-cell  clones  isolated  from  ovarian  tumor  in¬ 
filtrating  lymphocytes  recognize  common  determinants  on  non- 
ovarian  tumor  clones.  Scand  J  Immunol  1993;37:413-24. 

13.  Peoples  GE,  Goedegebuure  PS,  Smith  R,  Linehan  DC,  Yoshino  I, 
Eberlein  TJ.  Breast  and  ovarian  cancer- specific  cytotoxic  T  lym¬ 
phocytes  recognize  the  same  HER2/neu-derived  peptide.  Proc  Natl 
Acad  Sci  USA  1995;92:432-6. 

14.  Peoples  GE,  Smith  RC,  Linehan  DC,  Yoshino  I,  Goedegebuure  PS, 
Eberlein  TJ.  Shared  T  cell  epitopes  in  epithelial  tumors.  Cell  Im¬ 
munol  1995;164:279-86. 

15.  Fisk  B,  Anderson  BW,  Gravitt  KR,  et  al.  Identification  of  naturally 
processed  human  ovarian  peptides  recognized  by  tumor-associated 
CD8+  cytotoxic  T  lymphocytes.  Cancer  Res  1997;57:87-93. 

16.  Henderson  RA,  Michel  H,  Sakaguchi  K,  Shabanowitz  J,  Appella  E, 
Hunt  DF,  Engelhard  VH.  HLA-A2.1 -associated  peptides  from  a 
mutant  cell  line:  a  second  pathway  of  antigen  presentation.  Science 
1992;255:1264-6. 

17.  Ioannides  CG,  Fisk  B,  Fan  D,  Biddison  WA,  Wharton  JT,  O’ Brian 
CA.  Cytotoxic  T  cells  isolated  from  ovarian  malignant  ascites  rec¬ 
ognize  a  peptide  derived  from  the  HER2/neu  proto-oncogene.  Cell 
Immunol  1993;151:225-34. 

18.  Fisk  B,  Blevins  TL,  Wharton  JT,  Ioannides  CG.  Identification  of 
an  immunodominant  peptide  of  the  HER-2/neu  proto-oncogene 
recognized  by  ovarian  tumor  specific  CTL  lines.  J  Exp  Med  1995; 
181:2709-17. 

19.  Fendly  BM,  Kotts  C,  Wong  WLT,  et  al.  Successful  immunization 
of  Rhesus  monkeys  with  the  extracellular  domain  of  pl85HER2:  a 
potential  approach  to  human  breast  cancer.  Vaccine  Res  1993;2: 
129-39. 

20.  Slamon  DJ,  Clark  GM,  Wong  SG,  Levin  WJ,  Ullrich  A,  McGuire 
WL.  Human  breast  cancer:  correlation  of  relapse  and  survival  with 
amplification  of  the  HER-2 Ineu  oncogene.  Science  1987;235:177- 
82. 

21.  Slamon  DJ,  Godolphin  W,  Jones  LA,  et  al.  Studies  of  the  HER- 
2/neu  proto-oncogene  in  human  breast  and  ovarian  cancer.  Science 
1989;244:707-12. 

22.  Garin-Chesa  P,  Campbell  I,  Saigo  PE,  Lewis  JL,  Old  LJ,  Rettig 
WJ.  Trophoblast  and  ovarian  cancer  antigen  LK26.  Sensitivity  and 
specificity  in  immunopathology  and  molecular  identification  as  a 
folate-binding  protein.  Am  J  Pathol  1993;142:557-67. 

23.  Alberti  S,  Miotti  S,  Fomano  M,  et  al.  The  CA-MOvl8  molecule,  a 
cell  surface  marker  of  human  ovarian  carcinomas,  is  anchored  to 
the  cell  membrane  by  phosphatidylinositol.  Biochem  Biophys  Res 
Commun  1990;171:1051-5. 

24.  Li  PY,  Del  Vecchio  S,  Fonti  R,  et  al.  Local  concentration  of  folate 
binding  protein  GP38  in  sections  of  human  ovarian  carcinoma  by 
in  vitro  quantitative  autoradiography.  JNuclMed  1996;37:665-72. 

25.  Weitman  SD,  Lark  RH,  Coney  LR,  Fort  DW,  Frasca  V,  Zurawski 
VR,  Kamen  BA.  Distribution  of  the  folate  receptor  GP38  in  normal 
and  malignant  cell  lines  and  tissues.  Cancer  Res  1992;52:3396- 
401. 

26.  Coney  LR,  Mezzanzanica  D,  Sanborn  D,  Casalini  P,  Colnaghi  MI, 
Zurawski  VR.  Chimeric  murine-human  antibodies  directed  against 
folate  binding  receptor  are  efficient  mediators  of  ovarian  carci¬ 
noma  cell  killing.  Cancer  Res  1994;54:2448-55. 

27.  Bolhuis  RL,  Lamers  CH,  Goey  SH,  et  al.  Adoptive  immunotherapy 
of  ovarian  carcinoma  with  bs-MAb-targeted  lymphocytes:  a  mul¬ 
ticenter  study.  Int  J  Cancer  1992;7:78-81. 


28.  Mathias  CJ,  Wang  S,  Lee  RJ,  Waters  DJ,  Low  PS,  Green  MA. 
Tumor-selective  radiopharmaceutical  targeting  via  receptor- 
mediated  endocytosis  of  gallium-67 -deferoxamine-folate.  J  Nucl 
Med  1996;37:1003-8. 

29.  Leamon  CP,  Pastan  I,  Low  PS.  Cytotoxicity  of  folate- 
Pseudomonas  exotoxin  conjugates  toward  tumor  cells:  contribu¬ 
tion  of  translocation  domain.  J  Biol  Chem  1993;268:24847-54. 

30.  Schultz  RM,  Andis  SL,  Shackelford  KA,  et  al.  Role  of  membrane- 
associated  folate  binding  protein  in  the  cytotoxicity  of  antifolates 
in  KB,  IGROV1,  and  L1210A  cells.  Oncol  Res  1995;7:97-102. 

31.  Fisk  B,  Chesak  B,  Pollack  MS,  Wharton  JT,  Ioannides  CG.  Oli¬ 
gopeptide  induction  of  a  cytotoxic  T  lymphocyte  response  to 
HER2/neu  proto-oncogene  in  vitro.  Cell  Immunol  1994;  157:41 5— 
27. 

32.  Fisk  B,  Savary  C,  Hudson  JM,  O’Brian  CA,  Murray  JL,  Wharton 
JT,  Ioannides  CG.  Changes  in  an  HER-2  peptide  upregulating 
HLA-A2  expression  affect  both  conformational  epitopes  and  CTL 
recognition:  implications  for  optimization  of  antigen  presentation 
and  tumor- specific  CTL  induction.  J  Immunother  1996;  18: 197- 
209. 

33.  Boon  T,  van  der  Bruggen  P.  Human  tumor  antigens  recognized  by 
T  lymphocytes.  J  Exp  Med  1996;183:725-9. 

34.  Rettig  WJ,  Cordon-Cardo  C,  Koulos  JP,  Lewis  JL,  Oettgen  HF, 
Old  LJ.  Cell  surface  antigens  of  human  trophoblast  and  choriocar¬ 
cinoma  defined  by  monoclonal  antibodies.  Int  J  Cancer  1985;35: 
469-75. 

35.  Coney  LR,  Tomassetti  A,  Carayannopoulos  L,  Frasca  V,  Kamen 
BA,  Colnaghi  MI,  Zurawski  VR.  Cloning  of  a  tumor-associated 
antigen:  MOvl8  and  MOvl9  antibodies  recognize  a  folate-binding 
protein.  Cancer  Res  1991;51:6125-32. 

36.  El  wood  PC.  Molecular  cloning  and  characterization  of  the  human 
folate  binding  protein  cDNA  from  placenta  and  malignant  tissue 
culture  (KB)  cells.  J  Biol  Chem  1989;264:14893-901. 

37.  Rosenberg  SA,  Packard  BS,  Aebersold  PM,  et  al.  Use  of  tumor- 
infiltrating  lymphocytes  and  interleukin-2  in  the  immunotherapy  of 
patients  with  metastatic  melanoma.  N  Engl  J  Med  1 988;3 1 9: 1676— 
80. 

38.  Goedegebuure  PS,  Douville  LM,  Li  H,  Eberlein  TJ.  Adoptive  im¬ 
munotherapy  with  tumor-infiltrating  lymphocytes  and  interleu¬ 
kin-2  in  patients  with  metastatic  malignant  melanoma  and  renal 
cell  carcinoma:  a  pilot  study.  J  Clin  Oncol  1995;  13: 1939. 

39.  Aoki  Y,  Takakuwa  K,  Kodama  S,  et  al.  Use  of  adoptive  transfer  of 
tumor-infiltrating  lymphocytes  alone  or  in  combination  with  cis- 
platin-containing  chemotherapy  in  patients  with  epithelial  ovarian 
cancer.  Cancer  Res  1991  ;5 1:1934. 

40.  Melief  CJ,  Offringa  R,  Toes  REM,  Kast  WM.  Peptide-based  can¬ 
cer  vaccines.  Curr  Opin  Immunol  1996;8:651-7. 

41.  Mukherji  B,  Chakraborty  NG,  Yamasaki  S,  et  al.  Induction  of 
antigen-specific  cytolytic  T  cells  in  situ  in  human  melanoma  by 
immunization  with  synthetic  peptide-pulsed  autologous  antigen 
presenting  cells.  Proc  Natl  Acad  Sci  USA  1995;92:8078-82. 

42.  Cormier  JN,  Salgaller  ML,  Prevette  T,  et  al.  Enhancement  of  cel¬ 
lular  immunity  in  melanoma  patients  immunized  with  a  peptide 
from  MART-l/Melan  A.  Cancer  J  Sci  Am  1997;3:37-44. 

43.  Anderson  BW,  Swearingen  BJ,  Wharton  JT,  Ioannides  CG.  Pri¬ 
mary  generation  of  human  antitumor  CTL  by  a  HLA-A2-restricted 
HER-2  peptide.  Proc  Am  Assoc  Cancer  Res  1997;38:1606. 


Ann  Surg  Oncol,  Vol.  5,  No.  8,  1998 


Identification  of  an  Immunodominant  Peptide  of 
HER-2/neu  Protooncogene  Recognized  by  Ovarian 
Tumor-specific  Cytotoxic  T  Lymphocyte  Lines 

By  Bryan  Fisk  *  Tracy  L.  Blevins*  J.  Taylor  Wharton ,*  and 
Constantin  G.  Ioannides*!1 


From  the  Departments  of  * Gynecologic  Oncology  and  t Immunology ;  The  University  of  Texas, 

M.D.  Anderson  Cancer  Center,  Houston,  Texas  77030 

Summary 

Synthetic  peptide  analogues  of  sequences  in  the  HER-2  protooncogene  (HER-2)  were  selected 
based  on  the  presence  of  HLA-A2.1  anchor  motifs  to  identify  the  epitopes  on  HER-2  recognized 
by  ovarian  tumor-reactive  CTL.  19  synthetic  peptides  were  evaluated  for  recognition  by  four 
HLA-A2  +  ovarian- specific  cytotoxic  T  lymphocyte  (CTL)  lines  obtained  from  leukocytes  as¬ 
sociated  with  ovarian  tumors.  The  nonapeptide  E75  (HER-2,  369-377:KIFGSLAFL)  was  efficient 
in  sensitizing  T2  cells  for  lysis  by  all  four  CTL  lines.  This  peptide  was  specifically  recognized 
by  cloned  CD8+  CTL  isolated  from  one  of  the  ovarian- specific  CTL  lines.  E75-pulsed  T2  cells 
inhibited  lysis  by  the  same  CTL  clone  of  both  an  HLA-A2 +  HER-2^  ovarian  tumor  and  a 
HER-2^  cloned  ovarian  tumor  line  transfected  with  HLA-A2,  suggesting  that  this  or  a  struc¬ 
turally  similar  epitope  may  be  specifically  recognized  by  these  CTL  on  ovarian  tumors.  Several 
other  HER-2  peptides  were  recognized  preferentially  by  one  or  two  CTL  lines,  suggesting  that 
both  common  and  private  HER-2  epitopes  may  be  immunogenic  in  patients  with  ovarian  tumors. 
Since  HER-2  is  a  self-antigen,  these  peptides  may  be  useful  for  understanding  mechanisms  of 
tumor  recognition  by  T  cells,  immunological  tolerance  to  tumor,  and  structural  characterization 
of  tumor  antigens. 


The  existence  of  CTLs  in  the  leukocyte  infiltrations  of 
ovarian  tumors,  that  when  expanded  in  culture  in  the 
presence  of  IL-2  are  capable  of  recognizing  autologous,  and 
HLA-matched  allogeneic  tumors  provides  strong  support  to 
the  hypotheses  that  these  CTL  recognize  multiple  private 
and/or  common  Ag  on  tumor  and  that  these  Ag  can  induce 
T  cell  responses  (1,  2).  A  critical  step  towards  testing  this 
model  is  the  identification  of  tumor-specific  T  cell  epitopes. 
This  goal  is  highly  significant  because  it  may  lead  to  an  un¬ 
derstanding  of  the  immune  responses  to  tumors,  the  reasons 
for  failure  of  such  responses  to  control  tumor  growth  in  vivo, 
and  development  of  novel  strategies  for  cancer  therapy.  Pro¬ 
cessing  of  tumor  cellular  proteins  may  result  in  CTL  epi¬ 
topes.  In  general,  the  ability  of  peptide  ligand  to  compete 
for  receptor  binding  improves  as  its  concentration  increases, 
and  the  distinction  between  tumor  and  normal  tissue  reac¬ 
tivity  may  be  predicated  on  the  ability  of  peptides  from  an 
overexpressed  protein  to  occupy  a  significant  number  of  MHC 
molecules  in  competition  with  other  peptides  according  to 
the  laws  of  mass  action  (3).  Based  on  these  considerations, 
we  proposed  the  HER-2/neu  protooncogene  (HER-2)1  as  a 


1  Abbreviations  used  in  this  paper:  FBP,  folate-binding  protein;  HER-2, 
HER-2/neu  protooncogene;  MCF,  mean  channel  fluorescence  number; 
TAL,  tumor-associated  lymphocytes;  TAP,  peptide  transporter-associated 
proteins;  (TAPI  and  TAP2);  TIL,  tumor-inflitrating  lymphocytes. 


potential  target  for  a  T  cell  response  against  epithelial  tumors 
such  as  those  in  breast  and  ovary,  because  in  a  number  of 
tumors  the  concentration  of  this  protein  is  increased  by  up 
to  100-200-fold  over  normal  tissues.  Processing  of  this  over¬ 
expressed  protein  may  result  in  increased  peptide  supply,  which 
may  activate/reactivate  an  immune  response  against  tumor 
(3).  In  support  of  this  hypothesis,  evidence  from  a  large  case 
analysis  in  breast  cancer  indicates  that  HER-2  overexpression 
correlates  with  a  favorable  prognosis  in  patients  with  breast 
cancer  having  a  high  density  of  local  lymphocyte  infiltra¬ 
tion  (4). 

The  importance  of  HER-2  in  the  recognition  of  ovarian 
and  breast  tumors  by  CTL  in  vitro  and  in  vivo  has  not  yet 
been  elucidated,  nor  have  the  common  epitopes  of  HER-2 
recognized  by  CD8+  CTL  lines  from  different  donors  and 
cloned  CD3  +  CD8  +  CD4"  CTL  been  identified.  In  this 
study,  we  have  identified  common  immunogenic  epitopes  of 
HER-2  recognized  by  four  out  of  four  and  two  out  of  four 
CD3  +  CD4_CD8+  ovarian -specific  CTL  lines  that  were  iso¬ 
lated  from  tumor-associated  lymphocytes  (TAL)  from  HLA- 
A2+  ovarian  cancer  patients.  CTL  clones  isolated  from  one 
of  these  lines  confirmed  recognition  of  one  common  HER-2 
epitope,  and  they  suggest  that  a  peptide  with  an  identical 
or  cross-reactive  sequence  is  recognized  by  tumor-reactive  CTL 
on  ovarian  tumors.  Identification  of  common  antigenic  CTL 
epitopes  of  HER-2  may  help  to  develop  targeted  immunother- 
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apeutic  strategies  for  breast  and  ovarian  cancer  and  to  eluci¬ 
date  the  mechanisms  of  tolerance  towards  these  epitopes. 

Materials  and  Methods 

Synthetic  Peptides  and  Monoclonal  Antibodies.  HER-2  and  con¬ 
trol  peptides  were  synthesized  by  the  Synthetic  Antigen  Labora¬ 
tory  at  the  M.D.  Anderson  Cancer  Center  using  a  solid-phase 
method  and  purified  by  HPLC.  Identity  of  the  final  peptides  was 
established  by  amino  acid  analysis.  The  purity  of  the  peptides  used 
in  these  experiments  was  >97%.  mAb  to  CD3  (OKT3-FITC), 
CD4  (OKT4-FITC),  and  CD8  (OKT8-FITC)  were  obtained  from 
Ortho  Diagnostic  (Raritan,  NJ),  mAb  W6/32(anti-HLA,-A,-B, 
-C)  from  Dako  (Dakopatts,  Denmark),  and  anti-HLA-A2  mAb 
BB7.2  (anti-a-2  domain)  and  MA2.1  (anti-a-1  domain)  from 
American  Tissue  Culture  Collection  (ATCC,  Rockville,  MD).  mAb 
Ab2  against  HER-2  was  obtained  from  Oncogene  Science  (Man- 
hasset,  NY). 

Target  Cells  and  Cell  Lines.  The  human  cell  line  174CEM.T2 
(T2)  was  a  kind  gift  from  Dr.  Peter  Creswell  (Yale  University,  New 
Haven,  CT).  These  cells  are  defective  in  the  normal  antigen  pro¬ 
cessing  pathway  and  they  express  HLA-A2.1  occupied  only  by  signal 
peptides  (5).  C1R  transfectants  C1R:A2  and  C1R:A1  cells  express 
HLA-A2.1  and  HLA-A1,  respectively.  Parental  Hmy2.ClR  (class 
I  reduced)  cell  line  does  not  express  any  HLA-A,  but  expresses  low 
HLA-B35.  These  cells  were  a  generous  gift  from  Dr.  William  E. 
Biddison  (National  Institute  of  Neurological  Disorders,  Bethesda, 
MD).  Tumor  lines  and  leukocytes  of  the  donors  of  ovarian  malig¬ 
nant  ascites  were  pheno typed  for  HLA-A,  -B,  and  -C  antigens  by 
the  Blood  Bank  at  the  M.D.  Anderson  Cancer  Center.  Expression 
of  HLA-A2  on  freshly  isolated  ovarian  tumors  and  transfectants 
was  confirmed  by  immunofluorescence  using  MA2.1  mAb.  Ovarian 
tumor  lines  of  known  HLA  phenotypes,  MDAH  2774  (HLA-A3, 
24,B45,w57)  and  SKOV3(HLA-A3,28,B18(w6),35(w6),  Cw5), 
were  also  used  as  targets  in  these  experiments. 

SKOV3  cells  were  transfected  with  the  HLA-A2  expression  vector 
RSV.5-neo  containing  the  same  full-length  HLA-A2.1  cDNA  ex¬ 
pressed  in  C1R:A2  cells  (6)  (kindly  provided  by  Dr.  W.  Biddison), 
using  the  Lipofectin  reagent  and  procedure  as  described  by  the 
manufacturer  (Gibco  Life  Technologies,  Grand  Island,  NY).  After 
selection  with  G418,  clones  that  expressed  high  levels  of  HLA-A2 
and  HER-2  (as  determined  by  immunofluorescence  with  MA2.1 
and  Ab2  mAbsA)  were  selected  for  further  experiments. 

HER-2  Peptide  Binding  to  HLA-A2.1  To  establish  the  ability  of 
HER-2  peptides  to  stabilize  HLA-A2  expression,  the  T2  MHC  class 
I  peptide  stabilization  assay  was  performed  as  described  (7).  T2 
cells  were  incubated  overnight  with  saturating  amounts  of  all  of 
the  selected  HER-2  peptides,  as  well  as  with  positive  and  negative 
control  peptides  at  the  same  concentration  (50  /4g/ml).  Cells  were 
then  washed,  stained  with  BB7.2  and  W6/32  mAbs,  and  analyzed 
by  flow  cytometry  as  described  (2,  7,  8).  Fluorescence  intensity 
and  positions  of  the  peaks  were  determined  using  an  Epics®  V  profile 
analyzer  with  a  log  amplifier  (Coulter  Electronics,  Hialeah,  FL). 
Results  are  expressed  as  the  mean  channel  fluorescence  number 
(MCF)  on  a  logarithmic  scale  corresponding  to  the  peak  of  fluores¬ 
cence  for  HLA-A2  (8). 

Generation  of  Ovarian-specific  CTL  Lines  and  Clones.  CTL  were 
generated  by  culturing  freshly  isolated  tumor-associated  lympho¬ 
cytes  (TAL)  from  ovarian  malignant  ascites  in  complete  RPMI 
medium  in  the  initial  presence  of  autologous  ovarian  tumor,  25-50 
U/ml  of  IL-2  (Cetus  Corp.,  Emeryville,  CA),  and  250  U/ml  of 
TNF-a  (Genentech,  South  San  Francisco,  CA),  for  2  wk,  followed 


by  selection  of  CD8+  cells  on  anti-CD8  mAb-coated  culture 
flasks  (AIS  Micro  CELLector™;  Applied  Immune  Sciences,  Menlo 
Park,  CA)  and  negative  selection  on  anti-CD4  mAb  coated  flasks 
as  described  (9).  Isolated  CD8  +  CD4~  cell  lines  designated  CTLs 
1-4  were  propagated  in  culture  in  complete  RPMI  medium  sup¬ 
plemented  with  IL-2.  CD3  +  CD8  +  CD4“  clones  were  established 
by  limiting  dilution  from  CTL-3  line  as  we  described  (1,  2). 

Identification  of  Antigenic  Peptides.  To  identify  the  antigenic 
HER-2  peptides,  CTL  lysis  of  T2  cells  preincubated  for  60  min 
with  each  peptide  was  measured  in  a  51Cr  release  cytotoxicity  assay 
(1,  7).  For  titration  of  HER-2  peptides  for  recognition  by  CD8  + 
CTL,  T2  cells  were  incubated  with  varied  concentrations  of  purified 
HER-2  peptides.  For  antibody  inhibition  experiments,  targets  were 
preincubated  with  the  appropriate  antibody  as  described  (2),  then 
washed  and  incubated  with  effectors.  Percentage  of  specific  lysis 
was  determined  from  the  equation  (A  -  B)/(C  -  B)  x  100, 
where  A  is  lysis  of  T2  cells  by  effectors  in  the  presence  of  a  peptide, 
B  is  spontaneous  release  from  T2  cells  in  the  presence  of  the  same 
peptide  but  in  the  absence  of  effectors,  and  C  is  the  maximum 
5ICr  release.  The  experiments  were  performed  in  triplicate,  and  the 
mean  ±  SD  values  were  calculated  from  at  least  two  separate  ex¬ 
periments.  Since  even  one  amino  acid  change  in  peptide  length  at 
the  COOH- terminal  end  can  have  dramatic  effects  on  peptide  rec¬ 
ognition  (10),  and  identification  of  CTL  epitopes  is  performed  with 
synthetic  peptides,  cytotoxicity  values  were  considered  to  indicate 
significant  recognition  of  a  peptide  when  the  differences  between 
mean  ±  SD  values  for  percent  of  specific  lysis  of  T2  cells  prein¬ 
cubated  with  a  peptide  or  medium  were  >10%,  at  an  E/T  ratio 
of  20:1  (10)  and  statistically  significant  (p  <0.05).  Cold  target  in¬ 
hibition  of  cytolysis  was  performed  using  51Cr-labeled  ovarian 
tumors,  OVA-1  (autologous  with  CTL-1),  as  well  as  SKOV3.A2.1E4 
transfectants  as  “hot”  targets  and  T2  cells  pulsed  with  peptides 
as  “cold”  targets.  T2  cells  were  preincubated  with  HER-2  or  con¬ 
trol  peptides  (50  fi g/ml)  overnight,  then  washed  and  admixed  with 
51Cr-labeled  targets  at  5:1  and  10:1  (cold/hot)  target  ratios. 

Statistical  Analysis.  Values  obtained  for  percent  of  specific  lysis 
by  the  same  effectors  of  T2  cells  preincubated  with  HER-2  pep¬ 
tides  and  percentage  of  specific  lysis  of  T2  cells  in  the  absence  of 
exogenous  peptides  were  examined  by  the  Student’s  t  test.  Differ¬ 
ences  were  considered  significant  when  the  p  <0.05. 


Results 

Identification  of  HER-2  Peptides  That  Stabilize  HLa-A2.1  Ex¬ 
pression.  To  identify  the  HER-2  epitopes  recognized  by  these 
CTL,  19  peptides  were  selected  from  the  HER-2  sequence 
based  on  the  HLA-A2  anchor  motifs  based  on  the  presence 
of  Leu/Ile  at  position  2  (P2)  and  Val/Leu/Met  at  P9  (11,  12). 
The  majority  (16  out  of  19)  peptides  selected  for  this  study 
were  nonamers.  Two  octamers  were  included  because  they 
were  part  of  overlapping  epitopes.  15  out  of  19  peptides  con¬ 
tained  Leu  (P2),  while  two  peptides  contained  lie  (P2)  and 
two  peptides  contained  Val  (P2).  Only  octa  and  decamers 
were  found  in  the  HER-2  sequence  to  contain  Met  at  P2, 
and  consequently  these  peptides  were  not  included  in  the 
present  study.  Peptides  were  selected  from  signal,  extracel¬ 
lular,  transmembrane,  and  cytoplasmic  domains  of  HER-2 
(13).  Priority  was  given  to  peptides  from  the  regions  364- 
474  and  781-859  because  they  contain  the  highest  density 
of  continuous  and  overlapping  epitopes  with  HLA-A2.1 
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binding  motifs.  Peptides  were  also  selected  from  the  signal 
and  transmembrane  domains  of  HER-2  because  hydrophobic, 
Leu-,  lie-,  and  Val-rich  peptides  were  found  bound  on  HLA- 
A2  of  both  T2  and  C1R:A2  cells  (5,  14),  were  described  as 
CTL  epitopes  (10),  and  may  be  bound  to  HLA-A2  in 
transporter-associated  proteins  (TAP)-deficient  targets  (5).  The 
peptides  selected  for  this  study  represent  more  than  50%  of 
all  nonamers  that  are  potential  HER-2  epitopes  with  HLA- 
A2  anchor  motifs  (11,  12). 

Since  both  P2  and  P9  anchors  and  residues  from  the  cen¬ 
tral  area  of  peptide  contact  HLA-A2  and  define  the  affinity 
of  a  peptide  to  the  presenting  molecule  (12),  to  determine 
the  binding  ability  of  HER-2  peptide  analogues,  expression 
of  HLA-A2  on  T2  cells  was  determined  in  the  presence  of 
each  HER-2  peptide  and  the  corresponding  control  peptides. 
All  peptides  were  tested  for  binding  to  the  MHC  class  I  in 
the  HLA-A2  stabilization  assay  using  T2  as  indicator  cells 
(7,  8).  To  establish  that  the  results  reflect  MHC  class  I  heavy 
chain  expression  indicative  of  absolute  binding  and  not  only 
the  effects  of  peptide-induced  conformational  changes  (8)  that 
may  affect  the  reactivity  of  mAb  with  the  peptide-binding 
pocket,  T2  cells  were  stained  with  both  W6/32  (anti-class 
I  monomorphic)  and  BB7.2  (anti-HLA-A2  a-2  domain)  mAb. 
As  shown  in  Table  1,  9  out  of  19  HER-2  peptides  (ranked 
1-9  based  on  their  HLA-A2-  stabilizing  ability)  induced  a 
greater  than  twofold  increase  in  MCF  for  HLA-A2  expres¬ 
sion,  compared  to  negative  control  peptide  C61,  as  deter¬ 
mined  with  BB7.2  mAb.  Similar  results  were  obtained  after 
staining  with  MA2.1  mAb  (data  not  shown).  HLA-A2  stabili¬ 
zation  for  E75,  E90,  and  E89  was  peptide  concentration  de¬ 
pendent  in  the  range  1-50  ^tg/ml  (not  shown).  This  sug¬ 
gests  that  these  peptides  have  higher  stabilizing  ability  of  both 
conformational  epitope  BB7.2,  as  well  as  HLA-A2  molecule 
expression  than  the  other  10  peptides  (ranked  10-19),  which 
were  designated  as  peptides  with  low  stabilizing  ability  for 
HLA-A2.1.  Five  other  peptides,  E70,  E71,  E72,  D97,  and 
D99,  did  not  affect  serological  epitope  W6/32  expression, 
suggesting  that  they  bound  poorly  to  HLA-A2.  Of  these  pep¬ 
tides,  the  octamer  D97  induced  a  significant  increase  in  BB.7.2 
epitope  expression,  suggesting  induction  of  a  conformational 
epitope  rather  than  stabilization  of  HLA-A2  expression.  In 
contrast,  BB.7.2  bound  poorly  to  T2  cells  pulsed  with  pep¬ 
tide  E74  compared  with  W6/32.  The  implication  of  this  sero¬ 
logical  analysis  is  that  HER-2  peptides,  in  addition  to  having 
binding  and  stabilizing  effects  on  HLA-A2  expression,  may 
lead  to  conformational  changes  in  the  Ag-binding  pocket. 

Recognition  of  HER-2  Peptides  by  Ovarian  Tumor-reactive 
CTL.  To  identify  HER-2  peptides  recognized  by  ovarian 
tumor-reactive  CTL  lines,  four  CD8+  CTL  lines  designated 
CTLs  1-4  were  generated  from  cultured  TAL  from  four 
different  HLA-A2+  donors  after  CD8+  cell  selection  on 
anti-CD8  antibody-coated  plates.  These  CTL  lines  were  100% 
CD3  +  ,  100%  CD8  +  ,  and  0-2%  CD4+.  This  approach  was 
considered  necessary  because  the  Ag  specificity  of  CD3  + 
CD8  +  CD4~  CTL  isolated  from  tumor-infiltrating  lympho¬ 
cytes  (TIL)/TAL,  which  have  been  in  culture  for  2  wk,  will 
not  be  diluted  or  masked  by  the  overgrowth  of  CD4+  cells, 


which  is  encountered  in  long-term  TIL/TAL  cultures.  To 
avoid  changes  in  the  Ag  specificity,  the  isolated  CD3  +  CD8  + 
CD4-  lines  were  not  restimulated  with  autologous  or  allo¬ 
geneic  HLA-A2  +  tumors.  These  CTL  lines  recognized  auto¬ 
logous  and  allogeneic  HLA-A2+  ovarian  tumors,  but  not 
HLA-A2-  ovarian  tumors  or  lines,  as  illustrated  in  Table  2. 
Since  freshly  isolated  ovarian  tumors  from  different  donors 
may  be  antigenically  heterogeneous  or  may  express  variable 
levels  of  HER-2,  we  needed  as  target  a  cloned  ovarian  tumor 
of  high  and  stable  HER-2  protein  expression  and  known  HLA- 
phenotype  having  HLA-A2  in  common  with  the  effectors. 
Tumor  cells  of  the  SKOV3  line,  which  overexpresses  HER-2 
protein  (15),  were  transfected  with  the  HLA-A2  gene.  TAPI 
and  TAP2  message  expression  in  SKOV3  is  increased  in  par¬ 
allel  with  HLA  class  I  by  IFN-7  treatment  (16),  suggesting 
unimpaired  Ag-presenting  ability.  A  clone  SKOV3.A2.1E4 
expressing  high  and  stable  levels  of  HER-2  protein  and 
HLA-A2  was  used  as  a  target  in  these  experiments.  Four  HLA- 
A2+  ovarian  CD8  +  CD4~  CTL  lines  lysed  SKOV3.A2.1E4 
clone  in  addition  to  autologous  and  allogeneic  HER-2^ 
HLA-A2  +  tumors.  They  did  not  recognize  HLA-A2  +  , 
HER-2low  ovarian  cell  lines.  Furthermore,  they  did  not  lyse 
K562  cells,  indicating  that  they  did  not  express  NK  or  LAK 
activity  (Table  2).  Autologous  tumor  lysis  was  inhibited  by 
mAb  to  CD3  TCR  (OKT3)  and  HLA-A2  (MA.2.1),  but  not 
by  anti-HLA-DR  mAb,  suggesting  that  they  can  recognize 
Ag  presented  by  HLA-A2  (data  not  shown). 

To  evaluate  whether  these  CD8+  CTL  recognized  the 
same  or  different  HER-2  peptides,  lysis  of  T2  cells  preincubated 
with  each  peptide  was  tested  with  all  CTL  lines.  Both  high 
and  low  affinity  peptides  were  tested  in  the  same  experiment 
since  it  has  been  reported  that  a  melanoma  CTL  epitope  is 
derived  from  low  affinity  HLA-A2-binding  peptides  (17).  For 
increased  stringency  in  epitope  identification,  recognition  of 
an  HER-2  peptide  was  considered  significant  based  on  con¬ 
vergence  of  results  of  statistical  analysis  of  differences  in  cy¬ 
totoxicity  data  (18,  19)  and  assigning  a  cut-off  value  of  at 
least  10%  for  the  differences  between  recognition  of  T2  cells 
exogenously  loaded  with  HER-2  peptides  and  T2  cells  pre¬ 
senting  only  endogenous  peptides.  This  approach  was  neces¬ 
sary  because  we  wanted  to  identify  peptides  that,  based  on 
the  levels  of  observed  lysis,  are  either  recognized  with  higher 
affinity  than  others  or  their  recognition  reflects  the  presence 
of  a  higher  percentage  of  specific  reactive  clones. 

Based  on  comparison  of  cytotoxicity  values  for  T2  cells, 
lysis  by  CD8+  CTL1-4  in  the  presence  and  absence  of 
HER-2  peptides,  CTL-1  and  CTL-2  recognized  mainly  pep¬ 
tide  E75  (Fig.  1).  CTL-3  recognized,  in  addition  to  E75,  three 
other  peptides  (E90,  E89,  and  C85),  but  it  did  not  recognize 
the  remaining  15  peptides.  CTL-4  recognized  four  of  the  pep¬ 
tides  tested,  including  E75  and  C85.  CTL-4  recognized,  at 
a  lesser  extent  than  E75  and  C85,  two  other  HER-2  peptides 
residues,  799-807  (E71)  and  835-842  (E73).  Peptides  E71  and 
E73  were  not  recognized  by  the  other  three  CTL  lines,  even 
when  reconstitution  of  the  epitopes  was  attempted  at  either 
higher  peptide  concentrations  or  higher  E/T  ratios,  and  may 
represent  private  epitopes  for  CTL-4  (Fig.  1).  Since  CTL-4 
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Table  1.  Cell  Surface  Expression  of  BB7.2  Epitope  on  HLA-A2.1  of  T 2  Cells  hy  HER- 2  Peptides 


Code  Position 

1 

2 

3 

4 

5 

6 

7 

E91 

HER-2  peptides 

5-13 

A 

L 

C 

R 

W 

G 

L 

D97 

42-49 

H 

L 

D 

M 

L 

R 

H 

D113  48-56 

H 

L 

Y 

Q 

G 

C 

Q 

E75 

369-377 

K 

1 

F 

G 

S 

L 

A 

E77 

391-399 

P 

L 

Q 

P 

E 

Q 

L 

E76 

402-410 

T 

L 

E 

E 

1 

T 

G 

E78 

457-465 

S 

L 

R 

E 

L 

G 

S 

E93 

466-474 

A 

L 

1 

H 

H 

N 

T 

E92 

650-658 

P 

L 

T 

S 

1 

1 

S 

E88 

689-697 

R 

L 

L 

Q 

E 

T 

E 

E70 

793-801 

T 

V 

Q 

L 

V 

T 

0 

E90 

789-797 

C 

L 

T 

S 

T 

V 

0 

E71 

799-807 

Q 

L 

M 

P 

Y 

G 

c 

E72 

828-836 

0 

1 

A 

K 

G 

M 

s 

E73 

835-842 

Y 

L 

E 

D 

V 

R 

L 

E74 

838-846 

D 

V 

R 

L 

V 

H 

R 

E89 

851-859 

V 

L 

V 

K 

S 

P 

N 

C85 

971-979 

E 

L 

V 

S 

E 

F 

S 

D99 

1089-1098 

D 

L 

G 

M 

G 

A 

A 

C81 

Control  peptides^ 

HER-2 

971-979 

E 

L 

V 

S 

E 

V 

S 

C61 

968-977 

R 

F 

R 

E 

L 

V 

S 

E38 

Folate-binding  protein  H 
112-120 

N 

L 

G 

P 

W 

1 

Q 

E37 

25-33 

R 

1 

A 

W 

A 

R 

T 

E41 

245-253 

L 

L 

S 

L 

A 

L 

M 

No  peptide 


BB7.2  W6/32 


8 

9 

10 

MCF* * * § 

Rank* 

MCF 

Rank 

L 

L 

82 

9 

306 

8 

L 

52 

12 

167 

18 

V 

V 

155 

2 

496 

2 

F 

L 

131 

3 

474 

4 

Q 

V 

61 

10 

216 

11 

Y 

L 

109 

6 

358 

5 

G 

L 

60 

11 

208 

12 

H 

L 

113 

5 

293 

9 

A 

V 

128 

4 

324 

6 

L 

V 

109 

7 

481 

3 

L 

M 

35 

18 

172 

17 

L 

V 

164 

1 

515 

1 

L 

L 

42 

16 

173 

15 

Y 

L 

32 

19 

166 

19 

V 

51 

13 

234 

10 

D 

L 

36 

17 

203 

13 

H 

V 

82 

8 

310 

7 

R 

M 

47 

14 

194 

14 

K 

G 

L 

44 

15 

172 

16 

K  V 

76 

261 

E  F  S 

37 

182 

0  v 

77 

N.D. 

E  L 

34 

N.D. 

L  L 

38 

N.D. 

34 

172 

*  Mean  channel  fluorescence  (MCF)  corresponding  to  the  peak  of  fluorescence  for  T2  cells  preincubated  with  50  ^g/ml  of  each  peptide  was  deter¬ 
mined  for  all  peptides  in  the  same  experiment  as  described  in  the  Materials  and  Methods.  MCF  for  both  W6/32  and  BB7.2  are  presented  and  compared 

to  confirm  the  increase  in  MHC  class  I  heavy  chain  expression. 

t  Peptides  are  ranked  in  decreasing  order  of  their  ability  to  increase  HLA-A2.1  expression. 

§  The  variant  peptide  of  C85  containing  three  substituted  residues  F  -►  V(P6),  R  -►  K(P8),  and  M  -►  V(P9)  was  used  as  positive  control  because 
the  resulting  variant  (C81)  contains  four  dominant  and  strong  anchor  residues  (11,  12)  reported  to  favorize  binding  to  HLA-A2.  The  peptide  C61 
(HER-2:  968-977)  contains  HLA-B8  anchors  and  was  used  as  negative  control. 

If  Folate-binding  protein  (FBP)  peptides  were  selected  from  the  FBP  sequence  based  on  the  concordance  of  T  cell  epitopes  predicted  by  the  computer 
program,  ANT. Find. M  (3),  and  the  presence  of  HLA-A2-specific  anchor  motifs  (11). 


was  isolated  from  the  ascites  corresponding  to  previously 
reported  TAL-24,  these  results  confirm  the  recognition  of  a 
peptide  from  the  area  968-984  (C85)  as  a  potential  T  cell 
epitope  derived  from  HER-2  or  a  structurally  similar  pep¬ 
tide  HLA-A2  complex  (20).  Peptide  E75  was  recognized  by 
all  four  CTL  lines,  C85  by  two  out  of  four  CTL  lines,  while 
peptides  E89  and  E90  were  recognized  by  CTL-3,  and  E71 


and  E73  by  CTL-4.  All  four  CTL  lines  failed  to  specifically 
recognize  a  number  of  HER-2  peptides  presented  by  T2  cells 
with  canonical  HLA-A2  anchors  at  P2  and  P9  and  different 
central  sequences,  including  D113,  which  was  reported  to 
bind  HLA-A2  with  high  affinity  (12).  All  CTL  lines  showed 
low  levels  of  lysis  of  T2  cells  without  exogenous  peptides 
(T2  cells  present  a  number  of  signal  peptides)  (5),  comparable 
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Table  2.  Recognition  of  HLA~A2+  Tumors  by 
Ovarian-specific  CTL  Lines 


Percent  of  specific  lysis* 

Targets* 

CTL-1 

CTL-2 

CTL-3 

CTL-4 

Auto-T  (HER-2 +  ,A2  +  ) 

47 

65 

28 

41 

Allo-T  (HER-24, A2+) 

40 

41 

14 

38 

SKOV3.A2.1E4 

(HER-2+,A2  +  ) 

45 

39 

42 

84 

Allo-T  (HER-2 -,A2~) 

5 

15 

NT 

3 

2774  (HER-2 ~,A2  ) 

0 

0 

0 

4 

K562  (HER-2',A2-)  ■ 

1 

3 

3 

4 

Percent  specific  lysis  is  shown  for  an  effector  to  target  ratio  of  20:1. 
Target  lysis  was  determined  in  a  5-h  51Cr  release  assay.  NT,  not  tested. 
$  Auto-T  and  Allo-T  represent  autologous  and  allogeneic  freshly  isolated 
ovarian  tumors.  SKOV3.A2.1E4  is  an  ovarian  tumor  clone  expressing 
HLA-A2.  2774  is  a  human  ovarian  tumor  line. 


to  lysis  of  the  NK  targets,  K562  cells.  These  results  show 
that  ovarian  tumor-reactive  CTL  can  recognize  common 
HER-2  epitopes,  although  the  pattern  of  peptide  recogni¬ 
tion  is  different  for  each  line. 

Recognition  of  E75  by  CTL-3  Clones.  Results  presented 
above  are  suggestive  of  common  HER-2  peptide  recognition 
by  four  distinct  CTL  lines.  We  wanted  to  establish  whether 
E75  is  specifically  recognized  by  cloned  CTL,  and  whether 
it  may  correspond  to  an  epitope  recognized  by  the  same  CTL 
clone  on  ovarian  tumors  that  overexpress  HER-2.  CTL-1  and, 
to  a  lesser  extent,  CTL-2,  appear  to  be  highly  restricted  in 
their  recognition  of  E75.  This  can  cause  the  results  of  pep¬ 
tide  specificity  experiments  with  cloned  CTL-1  and  -2  to  ap¬ 


pear  biased  in  the  favor  of  E75.  To  address  the  question  of 
whether  reactivity  to  E75  was  a  property  of  distinct  non-cross¬ 
reactive  clones  from  a  line  of  multiple  HER-2  specificities, 
and  to  establish  whether  these  clones  recognize  E75  in  a  pep¬ 
tide  concentration-depependent  and  -specific  manner,  clones 
were  developed  from  CTL-3  by  stringent  limiting  dilution 
and  further  expanded  in  culture. 

CTL-3  line  did  not  lyse  the  C1R  or  C1R:A2  cells  (Fig. 
2  A).  Since  C1R:A2  and  SKOV3.A2.1E4  were  transfected 
with  the  same  plasmid  carrying  the  same  HLA-A2  gene,  this 
suggests  that  the  endogenous  peptides  recognized  on  SKOV- 
3.  A2.1E4  by  CTL-3  may  be  different  from  the  ones  presented 
by  C1R:A2  cells.  Both  E75  and  C85  were  recognized  by  CTL-3 
and  CTL-4  when  presented  by  C1R:  A2  but  not  by  C1R:  A1 
transfectants  (data  not  shown).  Concentration-dependent  rec¬ 
ognition  of  E75,  C85,  and  E90  was  observed  with  CTL-3 
(Fig.  2  B ).  This  recognition  was  confirmed  in  independently 
performed  experiments.  Documentation  of  restricted  expres¬ 
sion  of  FBP  on  ovarian  tumors  suggests  the  possibility  of 
cellular  immune  recognition  of  FBP  peptides  (21).  CTL-3  did 
not  recognize  two  peptide  analogues  of  FBP,  residues  112- 
120  (E38)  and  residues  245-253  (E41)  (Fig.  2  A).  FBP  pep¬ 
tides  were  selected  to  include  HLA-A2-binding  anchors  and 
to  exhibit  high  (E38)  and  low  (E41)  HLA-A2-  binding  affinity, 
respectively  (Table  1).  Similarly,  CTL-3  did  not  recognize  two 
peptide  analogues  of  the  Muc-1  core  peptide  (22),  D125  and 
D132.  Recognition  by  cultured  ovarian  TAL  of  Muc-1  core 
exposed  on  ovarian  tumors  and  of  Muc-1  gene  transfected 
and  expressed  by  EBV-B  cell  lines  has  been  suggested  (23). 
Muc-1  core  sequence  lacks  canonical  HLA-A2  anchors  at  cor¬ 
rect  distances  to  allow  binding  to  the  main  HLA-A2  pockets 
(21),  but  its  recognition  has  been  described  mainly  as  non- 
MHC  restricted  (24).  Therefore,  in  both  Muc-1  peptides, 
GLTSAPDTRV  (D125)  and  SLADPAHGV  (D132),  HLA-A2 
anchors  were  introduced  (underlined)  to  engage  binding  and 
to  present  the  intervening  sequence  to  TCRs.  These  results, 
together  with  the  results  presented  in  Fig.  1,  suggest  that 
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Figure  1.  Recognition  of  HER-2  peptides  by  CD3  +  CD8  +  CD4~  CTL  isolated  from  four  different  ovarian  cancer  patients.  Cytotoxicity  was  deter¬ 
mined  using  T2  cells  preincubated  for  60  min  with  each  peptide  at  25  \x,gl ml  in  a  5-h  51Cr  release  assay.  Percentage  of  specific  lysis  is  shown  for  all 
CTL  lines  for  an  E/T  ratio  of  20:1.  Percentage  of  specific  lysis  was  calculated  as  described  in  Materials  and  Methods.  Asterisk  indicates  mean  cytotoxicity 
values  that  are  at  least  10  percentage  points  greater  than  mean  values  for  the  lysis  of  T2  in  the  absence  of  peptide  and  are  also  significantly  different 
by  Student’s  t  test  (p  <0.05). 
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%  Specific  Lysis  Peptide  Concentration  fiiM)  E/T  Ratio  E/T  Ratio 

Figure  2.  Recognition  of  E75  by  CTL-3  clones.  (A)  Lysis  by  the  CTL-3  line.  3000  51Cr-labeled  T2  cells  were  incubated  with  HER-2  peptides  E75, 
E89,  and  E90,  FBP  peptides  E38  and  E41,  and  variant  Muc-1  peptides  D125  and  D132  at  a  final  concentration  of  25  fiM  for  60  min  before  effectors 
were  added.  Supernatant  was  collected  and  counted  after  5  h.  E/T  ratios  were  10:1  (□)  and  5:1  (M).  Results  are  presented  as  the  percentage  of  specific 
lysis  by  effectors  of  T2  cells  pulsed  with  peptides.  The  same  numbers  (3,000)  of  C1R  and  C1R:A2  cells  were  used  as  targets.  (B)  Concentration- 
dependent  recognition  of  E75  (■),  E90  (□),  C85  (O),  and  E92  (A)  by  CTL-3  line  at  an  E/T  ratio  of  20:1.  (C  and  D)  Lysis  by  clones  3C4F  (C) 
and  3B4E  ( D )  of  E75-  (I)  and  E90-  (□)  pulsed  T2  cells.  Lysis  of  T2  cells  incubated  with  E89  at  25  fiM  was  7%  by  clone  3C4F  and  5%  by  clone 
3B4E  at  10:1  E/T  ratios. 


CTL-3  line  contains  clones  that  are  specific  for  particular  pep¬ 
tide  epitopes. 

Two  clones,  3C4F  and  3B4E,  isolated  from  CTL-3  line  that 
recognized  E75  but  not  E90  or  E89  peptides  presented  by 
T2  cells,  are  shown  in  Fig.  2  (C  and  D).  Recognition  of  T2 
cells  incubated  with  the  same  concentration  of  E75  suggest 
that  clones  3C4F  and  3B4E  are  specific  for  peptide  E75  (Fig. 


2,  C  and  D).  Recognition  of  E75  by  these  two  clones  was 
compared  over  a  range  of  concentrations  (10  nM-10  fxM)  (Fig. 
3  A).  At  an  E/T  ratio  as  low  as  4:1,  peptide  E75  reconstituted 
T  cell  recognition  by  clone  3C4F  at  a  concentration  (100  nM) 
similar  to  that  reported  for  an  HLA-A2-restricted  epitope 
gplOO  and  an  HLA-Al-restricted  epitope  from  MAGE-3  rec¬ 
ognized  by  melanoma- specific  CTL  (25,  26),  but  at  higher 


Figure  3.  Inhibition  of  ovarian  tumor  recognition  by  clone  CTL-3C4F  by  T  cell  epitope  E75.  (A)  Dose-response  recognition  of  peptide  E75  by 
clones  3C4F  (I)  and  3B4E  (O).  Serial  dilutions  of  peptide  E75  were  incubated  with  3,000  T2  cells  for  60  min.  CTL  were  added  at  a  E/T  ratio 
of  4:1,  and  a  standard  5-h  cytotoxicity  assay  was  performed.  Lysis  of  T2  cells  preincubated  with  E90  at  10  fx M  was  <5%  by  both  CTL  clones.  (B 
and  C)  Cold-target  inhibition  of  lysis  of  freshly  isolated  ovarian  tumor  OVA-1  (B ),  and  ovarian  tumor  clone  SKOV3.  A2.1E4  (C )  by  T2  cells  preincubated 
with  peptides  E75  (I),  E90  (□),  and  D132  (A).  The  effector  (CTL-3C4F  clone)/hot  target  ratio  was  10:1.  Peptide  pulsed  T2  cells  (cold  targets) 
were  added  in  the  assay  at  5:1  and  10:1  cold/hot  target  ratios.  Inhibition  of  lysis  was  determined  in  a  5-h  51Cr  release  assay.  Results  are  presented 
as  percentages  of  inhibition  of  tumor  target  lysis  by  clone  3C4F,  which  was  46%  for  OVA-1  (B)  and  28%  for  SKOV3.A2.1E4  (C).  Lysis  of  parental 
control  targets  SKOV3  (HLA-A2 - )  was  6%  and  of  D132-pulsed  T2  cells  was  5%  at  the  same  E/T  ratio.  (D)  Lysis  of  SKOV3.A2.1E4  was  inhibited 
by  anti-HLA  class  I  (W6/32  mAb)  but  not  by  anti-HLA-DR  (L243  mAb)  at  both  10:1  (E3)  and  5:1  (M)  E/T  ratios. 
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E/T  ratios.  These  peptide  concentrations  are,  for  MAGE-3, 
gplOO  and  HER-2,  significantly  higher  by  at  least  two  orders 
of  magnitude  than  those  of  HLA-A2.1-restricted  viral  pro¬ 
teins  (27). 

To  confirm  that  clone  3C4F  recognizes  a  natural  epitope 
associated  with  HLA-A2  on  ovarian  tumors,  we  examined 
the  ability  of  E75  and  E90  pulsed  T2  cells  to  inhibit  lysis 
of  freshly  isolated  OVA-1  because  CTL-1,  autologous  with 
this  tumor,  recognize  only  E75.  Significant  inhibition  of  lysis 
was  observed  by  T2  cells  pulsed  with  E75  but  not  with  E90 
(Fig.  3  B ).  Since  antigen  expression  on  freshly  isolated  ovarian 
tumors  can  be  heterogeneous,  to  confirm  that  E75  represents 
an  epitope  presented  by  HLA-A2  on  an  ovarian  tumor  clone, 
the  ability  of  E75  pulsed  T2  cells  to  inhibit  lysis  of  clone 
SKOV3.A2.1E4  was  examined.  Both  OVA-1  and  SKOV3.A2 
transfectants  share  only  HLA-A2  with  effectors  and  express 
HER-2  on  the  surface,  OVA-1:  79%  HER-2  +  cells,  MCF 
=  29;  SKOV3  (positive  control):  100%  HER-2 +  cells  MCF 
=  40;  SKOV3.A2.1E4:  100%  HER-2 +  cells,  MCF  =  40; 
C1R:A2  cells  (negative  control)  MCF  =  0.7.  Ovarian  clone 
SKOV3.A2.1E4  lysis  by  3C4F  clone  was  inhibited  by 
anti-MHC  class  I  (W6/32)  but  not  by  anti-MHC  class  II 
mAb  (Fig.  3  D).  Again,  significant  inhibition  of  lysis  by  clone 
3C4F  was  observed  in  the  presence  of  E75.  Control  peptide 
D132,  which  was  not  recognized  when  pulsed  on  T2  cells, 
failed  to  redirect  clone  3C4F  lysis  (Fig.  3  C).  Therefore,  E75, 
which  is  recognized  by  four  CTL  lines  and  cloned  CTL  iso¬ 
lated  from  one  of  these  lines,  and  which  specifically  inhibits 
recognition  of  ovarian  tumors,  may  be  a  natural  common 
HER-2  epitope  recognized  by  ovarian-specific  CTL. 

Discussion 

In  this  study,  we  have  investigated  recognition  of  synthetic 
peptide  analogues  of  HER-2  epitopes  containing  HLA- 
A2-binding  motifs  by  CD8  +  CD4_  CTL  lines  and  clones 
isolated  from  TAL  with  ovarian  tumors.  We  have  identified 
one  common  epitope  (E75)  that  is  dominantly  recognized 
by  four  out  of  four  CTL  lines.  Of  19  peptides  tested,  another 
common  epitope,  C85,  is  recognized  by  two  out  of  four  lines. 
Several  other  epitopes,  E89,  E90,  E71,  and  E73,  are  recog¬ 
nized  only  by  one  of  the  four  CTL  lines  used,  suggesting 
that  they  may  be  either  private  epitopes  for  these  CTL  or 
clones  recognizing  these  epitopes  are  present  with  low  fre¬ 
quency  in  the  other  CTL  lines.  The  second  possibility  is  more 
likely  because  the  pattern  of  concentration-dependent  recog¬ 
nition  for  E90  is  similar  with  that  of  E75  and  C85.  In  certain 
experiments,  statistical  analysis  found  that  recognition  of  E89 
and  E90  by  CTL-2  and  CTL-4,  and  E91  by  CTL-2  was 
significantly  different  from  control  targets,  but  the  levels  of 
recognition  were  lower  (5-7%)  than  the  cut-off  value.  We 
have  observed  that  some  ovarian  CTL  cultures  lose  the  ability 
to  recognize  a  number  of  these  peptides  over  time  probably 
because  of  gradual  loss  of  lytic  function  or  overgrowth  of 
CTL  of  different  specificities  (Ioannides,  C.  G.,  and  B.  Fisk, 
unpublished  data).  We  confirmed  the  specificity  of  E75  rec¬ 
ognition  by  using  two  clones  isolated  from  one  of  the  CTL 


lines.  E75  effectively  inhibited  lysis  by  CTL  clones  of  both 
a  freshly  isolated  ovarian  tumor  and  an  ovarian  tumor  line 
transfected  with  HLA-A2,  indicating  that  the  epitope  recog¬ 
nized  is  not  a  culture  artifact.  Control  peptides  containing 
HLA-A2  anchor  motifs  (11,  12)  but  different  intervening  se¬ 
quences  failed  to  inhibit  lysis,  suggesting  that  a  natural  pep¬ 
tide  with  an  identical  or  cross-reactive  sequence  is  immuno¬ 
genic  in  HLA-A2  ovarian  cancer  patients  and  may  be  presented 
on  ovarian  tumors. 

Both  E75  and  C85  were  recognized  with  different  efficien¬ 
cies  by  CTL1-4  at  the  same  peptide  concentration.  This  may 
be  caused  by  the  existence  of  clones  in  these  CTL  lines  that 
recognize  other  as  yet  unknown  antigens.  The  existence  of 
multiple  distinct  ovarian  Ag  expressed  simultaneously  on  the 
same  tumor  clone  has  been  shown  by  analyzing  recognition 
of  ovarian  clones  by  CTL  isolated  from  TAL  (1).  Ovarian- 
specific  CTL  lines  restricted  by  HLA-A2  recognize  common 
epitopes  present  on  allogeneic  HLA-A2+  ovarian  tumors  or 
lines,  but  not  on  HLA-A2  +  melanomas.  Individual  ovarian- 
specific  CTL  lines  were  found  to  recognize  multiple  Ag  epi¬ 
topes.  Some  of  the  common  determinants  may  be  expressed 
on  other  HLA-A2+  epithelial  tumors  (2,  3).  We  have  pre¬ 
viously  shown  that  ovarian  TAL  can  recognize  Muc-1  core 
peptides  and  HER-2,  968-984,  a  longer  analogue  of  C85  pep¬ 
tide  (HER-2,  971-979)  (20).  CTL-4  was  isolated  from  TAL- 
24  used  in  these  studies  (20,  23).  Recognition  of  Muc-1  by 
at  least  some  of  the  clones  derived  from  the  CTL  lines  used 
in  this  study  is  likely.  Although  the  percentage  of  tumor  cells 
expressing  Muc-1  in  a  tumor  sample  is  variable  and  its  ex¬ 
pression  is  heterogenous,  most  ovarian  tumors  (>80%  of  se¬ 
rous  adenocarcinomas)  have  been  reported  to  express  Muc-1 
(23).  Another  HER-2  peptide,  654-662,  derived  from  the 
transmembrane  domain,  was  found  to  be  recognized  by  TIL 
isolated  from  non-small  cell  lung  cancer  and  developed  by 
different  methods  (19).  HER-2  is  expressed  in  ~30%  of 
ovarian  and  breast  carcinomas.  However,  its  expression  is  rel¬ 
atively  stable  over  time  through  the  clinical  course  of  inva¬ 
sive  breast  cancer,  it  is  relatively  congruent  at  all  metastatic 
sites,  and  it  is  not  affected  by  tumor  heterogeneity  (28).  This 
has  potential  clinical  applications  because  it  may  allow  devel¬ 
opment  of  therapies  based  on  HER-2  targeting  (28). 

Previous  studies  have  shown  a  direct  relationship  between 
HER-2  overexpression  and  sensitivity  to  CTL  of  ovarian 
tumors  (18).  Since  overexpression  of  HER-2  may  induce  ex¬ 
pression  of  other  proteins  that  can  provide  peptides  (18)  with 
the  same  or  cross-reactive  sequences,  gene  and  protein  sequence 
databases  were  searched  for  homologous  sequences.  100% 
matches  for  both  C85  and  E75  were  not  found.  For  E75  only 
EGF-R  (HER-1),  HER-3,  and  HER-4  gave  matches  for  the 
main  HLA-A2  anchors  at  P2,  P6,  and  P9,  but  nonconserva¬ 
tive  changes  (underlined)  were  found  in  positions  1,  3,  5, 
and  7  (EGF-R,  residues  364-372: SISGDLHIL,  HER-3,  resi¬ 
dues  356-364 :KILGNLDFL,  HER-4  :KINGNLIFL).  Central 
positions  are  expected  to  be  contact  points  for  TCR  (15,  29). 
Matches  for  peptide  C85  appear  in  EGF-R,  ERB.B3,  DNA- 
directed  RNA  polymerase  (RPB-1),  and  in  an  unknown 
nuclear  protein  (UL2-1).  Nonconservative  changes  in  the  se- 
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quence  are  dominant  at  positions  expected  to  be  TCR  con¬ 
tacts  such  as  P4  and  P7  in  RPB-1  and  P5  in  UL2-1.  Based 
on  recent  crystallography  data,  the  peptide  termini  are  bound 
to  HLA-A2  similarly  but  the  central  area  of  the  peptide  adopts 
different  conformations  that  represent  the  epitopes  recognized 
by  TCR  (29).  Therefore,  the  nonconservative  changes  in  the 
sequence  of  the  homologous  peptides  from  the  other  members 
of  the  HER  family  may  affect  epitope  conformation  and  if 
these  peptides  are  processed,  presented,  and  recognized  by 
TCR  may  constitute  the  equivalents  of  variants  of  peptides 
derived  from  the  HER-2  protein. 

As  for  the  other  tumor  Ags  (10,  25,  26),  validation  of 
HER-2  epitopes  requires  identification  and  quantitation  of 
peptides  bound  to  HLA  class  I  on  ovarian  tumors.  Since  E75 
lacks  charged  residues  in  the  central  area,  it  will  be  impor¬ 
tant  to  determine  whether  the  same  or  conservatively  sub¬ 
stituted  peptides  from  other  proteins  are  naturally  processed 
and  presented  to  CTL.  With  the  exception  of  E75  recog¬ 
nized  by  all  four  CD8+  CTL,  and  in  part  of  C85,  which 
confirms  our  previous  findings  with  unseparated  CTL-TAL 
(20),  three  CTL  recognized  distinct  HER-2  peptides  at  low 
level.  These  peptides  were  different  in  each  system  and  their 
HLA-A2-stabilizing  ability  was  variable  over  a  wide  range 
of  concentrations.  E89  binding  affinity  to  HLA-A2  is  at  least 
three  to  four  orders  of  magnitude  lower  than  of  naturally 
processed  viral  peptides  (12),  suggesting  that  the  affinity  of 
TCR  for  E89-HLA-A2  complexes  may  be  high.  This  may 
also  be  true  for  C85.  The  affinity  of  a  peptide  for  HLA-A2 
is  not  the  determining  factor  for  the  abundance  of  particular 
peptide  presented  by  HLA-A2  (30).  Other  important  factors 
are  protein  concentration  and  the  processing  efficiency  of  an 
antigenic  peptide  (30). 


The  mechanisms  of  HER-2  overexpression  reflect  gene 
amplification  and  upregulation  of  transcription  (31).  The  in¬ 
volvement  of  translational,  posttranslational  mechanisms,  or 
reduced  rate  of  HER-2  turnover  in  HER-2  overexpression 
in  cancer  cells  are  still  unclear  (31).  At  this  time,  there  is  no 
simple  explanation  for  the  distinct  pattern  of  peptide  recog¬ 
nition  between  these  lines.  All  tumors  autologous  with  these 
CTL  overexpressed  HER-2  protein  at  similar  levels  that  were 
consistent  with  HER-2  receptor  overexpression  when  ana¬ 
lyzed  using  monoclonal  antibody  Ab2  that  is  specific  for  the 
extracellular  domain  of  HER-2  (e.g.,  the  levels  of  HER-2 
expression  were  similar  for  OVA-1  and  OVA-4  tumors  [au¬ 
tologous  with  CTL-1  and  CTL-4]:  OVA-1,  79%  HER-2 + 
cells,  MFC  =  29,  OVA-4,  100%  HER-2 +  cells,  MFC  = 
34,  control  OVA-17,  21%  HER-2 +  cells,  MFC  =  4).  How¬ 
ever,  CTL-4  associated  with  OVA-4  recognized  in  addition 
to  E75  three  other  peptides.  It  is  possible  that  these  peptides 
if  presented  are  processed  by  the  tumor  with  different  efficien¬ 
cies  (30).  It  is  also  possible  that  while  for  self-proteins  the 
tolerance  is  not  absolute,  as  shown  for  melanoma  TIL  specific 
for  either  MART-1  or  gplOO  (10,  25),  elimination  of  high 
affinity  T  cells  for  a  number  of  epitopes  by  tolerance  may 
affect  CTL  with  distinct  specificities  in  each  individual  (10,  25). 

Processing  of  overexpressed  HER-2  in  cancer  cells  may  lead 
to  peptides  that  differ  in  quantity  from  the  HER-2  epitopes 
found  on  normal  cells.  Since  HER-2  is  present  in  normal  ep¬ 
ithelial  tissues  at  lower  levels  and  the  protein  concentration 
may  be  a  limiting  factor  in  epitope  presentation,  it  will  be 
important  to  determine  how  widely  CTL-mediated  HER-2 
recognition  is  observed  in  ovarian  and  breast  cancer  patients, 
and  whether  such  CTL  can  cause  tumor  rejection  and  show 
toxicity  towards  normal  tissues. 
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Abstract 

In  this  study  we  investigated  recognition  by  ovarian  tumor  associated  lymphocyte  (OVTAL),  and  breast  tumor  associated 
lymphocytes  (BRTAL),  of  peptides  corresponding  to  the  sequence  125-135  of  the  Aminoenhancer  of  split  (AES)  protein.  Three  of 
these  peptides  designated  as  G75:AESl/2  (128—135),  G60:  AES1/2  (127—137)  and  G61:  AES1/2  (125—133)  correspond  to  the  wild- 
type  AES  sequence,  while  the  fourth  G76:GPLTPLPV,  AES1/2  (128-135)  corresponds  to  a  variant  sequence  of  the  peptide  G75 
with  the  N-terminal  Leu  substituted  to  glycine.  These  sequences  were  chosen  for  study  because  mass-spectrometric  analysis  (MS)  of 
a  CTL  active  HPLC  peptide  fraction  eluted  from  immunoaffinity  precipitated  HLA-A2  molecule,  revealed:  (a)  the  presence  of  an 
ion  with  a  mass-to-charge  ratio  (m/z)  of  793  which  was  more  abundant  than  other  ions  of  similar  masses;  (b)  the  tentatively 
reconstituted  sequence  of  the  ion  793  matched  the  sequence  of  peptide  G76.  We  found  that  AES  peptides  G75  (128—135)  and  G76 
(128-135)  (L128G)  reconstituted  CTL  recognition  at  concentrations  ranging  between  200-500  nM.  These  concentrations  are  lower 
than  concentrations  reported  to  activate  effector  function  of  CTL  recognizing  other  epithelial  tumor  Ag.  Furthermore,  analysis  with 
cloned  CD8+  T  cells  indicated  that  G75  and  G76  were  not  cross-reactive  specificities,  suggesting  a  key  role  for  the  N-terminal 
residues  of  the  variant  peptide  in  dictating  specificities.  Since  the  AES  proteins  are  part  of  a  set  of  transcriptional  repressors  encoded 
by  the  Enhancer  of  split  [E(spl)]  genes,  and  since  these  repressors  are  activated  to  suppress  cell  differentiation  in  response  to  Notch 
receptors  signalling,  the  AES  peptides  may  represent  a  novel  class  of  self-antigens  that  deserve  further  consideration  as  tumor  Ag  in 
epithelial  cancers.  ©  1999  Elsevier  Science  Ltd.  All  rights  reserved. 

Keywords:  Notch;  AES;  CTL;  Epitopes;  Breast;  Ovary 


1.  Introduction 

Advances  in  diagnostic  and  conventional  therapies 
have  led  to  earlier  detection  and  improved  quality  of  life 
for  cancer  patients.  However,  the  establishment  of  drug 
resistance  has  raised  the  need  for  novel  approaches  to 
therapy  of  tumors.  During  recent  years,  studies  on  human 


Abbreviations :  OVTAL,  ovarian  tumor  associated  lymphocytes; 
BRTAL,  breast  tumor  associated  lymphocytes;  CID,  collision-induced 
dissociation;  AES,  Amino  enhancer  of  split;  TLE,  Transducin-like 
enhancer  of  split;  PCR,  Polymerase  chain  reaction;  m/z ,  mass-to-charge 
ratio;  U,  mass  unit;  MS,  mass  spectrometry;  w.t.,  wild-type;  MCF, 
mean  channel  fluorescence. 
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cancer  antigens  (Ag)  have  identified  peptides  from  self¬ 
proteins  that  are  recognized  by  cytotoxic  T  lymphocytes 
(CTL).  Most  of  these  antigens  have  been  discovered  in 
the  melanoma  system  (Houghton,  1994,  Boon  van  der 
Bruggen,  1996).  The  expression  of  these  CTL  epitopes 
has  been  found  to  be  dependent  in  some  instances  but 
not  in  others  on  the  levels  of  MHC-class  I  expression 
(Rivoltini  et  al.,  1995;  Fisk  et  al.,  1997).  Regardless  of 
the  presence  of  CTL  in  tumor  infiltrations,  the  disease 
progresses  suggesting  that  this  CTL  response  is  too  weak 
to  mediate  tumor  regression.  Furthermore,  tumor  pro¬ 
gression  may  be  dependent  on  an  immunoselection 
process,  characterized  by  the  fact  that  tumor  cells  that 
lack  expression  of  certain  antigens  may  gain  a  pro¬ 
liferative  advantage  (Seung  et  al.,  1995;  Kono  et  al., 
1997).  Thus,  the  elimination  of  tumor  cells  expressing 
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defined  epitopes  should  allow  unaffected  growth  of  other 
tumor  cells  that  do  not  express  these  epitopes. 

Ag  specific  cancer  vaccines  may  provide  a  comp¬ 
lementary  approach  to  traditional  therapies  if  efficient 
targeting  of  cytotoxic  effectors  can  be  accomplished.  In 
contrast  with  melanoma  (Kawakami  et  al.,  1994a, b;  Cas- 
telli  et  al.,  1995;  Cox  et  al.,  1994),  there  is  little  infor¬ 
mation  on  the  nature  of  tumor  Ag  present  on  epithelial 
tumors  such  as  breast  and  ovary  which  affect  a  large 
segment  of  the  population.  To  this  moment,  the  spectrum 
of  tumor  Ag  and  corresponding  CTL  epitopes  in  breast 
and  ovarian  cancer  is  limited.  It  includes  mainly  the 
deglycosylated  Muc-1  core  peptide  epitope  (Jerome  et  al., 
1993,  Ioannides  et  al.,  1993a),  and  HER-2  epitopes,  the 
latter  detectable,  in  general,  in  tumors  with  HER-2  over¬ 
expression  (Ioannides  et  al.,  1993b;  Fisk  et  al.,  1995; 
Peoples  et  al.,  1995;  Yoshino  et  al.,  1995). 

Characterization  of  additional  tumor  epitopes  are 
needed  since  it  may  allow  development  of  polyspecific 
cancer  vaccines,  which  can  target  a  larger  population  of 
antigenically  distinct  tumor  cells.  Identification  of  such 
epitopes  on  epithelial  tumors  appear  to  encounter  diffi¬ 
culties.  Muc-1  and  HER-2  were  initially  targeted  for 
study  because  of  their  different  post-translational  modi¬ 
fication  (Muc-1)  or  overexpression  (HER-2)  on  tumor 
cells  compared  with  normal  tissues  (Ioannides  et  al.,  1 995; 
Peoples  et  al.,  1995).  There  is  little  information  on  other 
tumor  genes  and  proteins  expressed  on  cancer  cells  that 
can  provide  the  focus  of  study  of  CTL  recognition  using 
synthetic  peptide  mapping. 

An  additional  difficulty  in  characterization  of  novel 
cancer  antigens  rests  in  the  limitations  in  the  availability 
of  primary  tumor  in  the  large  amounts  (>1010  cells) 
needed  for  biochemical  characterization  of  extracted  pep¬ 
tides  (Cox  et  al.,  1994;  Slingluff  et  al.,  1993;  den  Haan  et 
al.,  1985;  Udaka  et  al.,  1992).  This  leaves,  at  this  time,  as 
the  only  feasible  approach  for  novel  tumor  Ag  identi¬ 
fication,  the  use  of  tumor  lines  as  primary  source  of  tumor 
peptides.  Mapping  of  active  peptide  fractions  from  acid 
treated  tumors  using  breast  and  ovarian  CTL  isolated 
from  tumor  infiltrating  lymphocytes  (TIL)  may  allow 
focusing  the  search  on  candidate  CTL  epitopes.  The  fact 
that  these  CTL  are  not  induced  or  expanded  by  stimu¬ 
lation  with  the  tumor  line  should  allow  identification 
of  pre-existing  epitope  specificities  in  the  patient.  These 
peptides  can  then  be  sequenced  by  mass-spectrometry 
(MS)  and  the  candidate  sequences  derived  from  inte¬ 
gration  of  resulting  daughter  ions  tested  as  synthetic  pep¬ 
tide  equivalents  to  induce  activation  of  CTL  effector 
functions. 

We  have  recently  used  this  approach  for  charac¬ 
terization  of  the  common  peaks  of  naturally  processed 
peptides  shared  between  an  ovarian  tumor  line 
(SKOV3.A2)  and  a  freshly  isolated  ovarian  tumor.  We 
found  in  addition  to  a  number  of  overlapping  peaks 
of  biological  activity,  several  non-overlapping  peaks  of 


activity  (Fisk  et  al.,  1997a,b).  The  presence  of  the  over¬ 
lapping  peaks  is  of  interest  because  it  suggests  that  such 
epitopes  may  have  been  presented  on  the  original  primary 
tumor  and  were  stimulators  for  CTL. 

MS  analysis  of  the  ions  present  in  the  peak  B2  of 
overlapping  activity  corresponding  to  the  HER-2  peptide 
E75  (Fisk  et  al.,  1997a, b)  revealed  the  presence  of  a  num¬ 
ber  of  ions  (Fisk  et  al.,  1997b).  The  signal  intensity  of 
several  ions  in  a  number  of  fractions  matched  the  pattern 
of  CTL  activity  of  two  ovarian  tumor  associated  CTL- 
TAL  lines  (Fisk  et  al.,  1997b).  One  of  these  ions  of  m/z : 
792.9  (and  further  designated  as  ion  793)  was  selected 
for  sequencing  by  MS  because  its  signal  intensity  was 
significantly  higher  than  that  of  the  other  ions  of  similar 
or  higher  masses  suggesting  an  abundant  peptide.  Recon¬ 
stitution  of  the  793  sequence  suggested  several  possible 
peptides,  of  which,  the  best  match  7/8,  was  found  within 
the  sequence  responsive  amino  acids  128-135  of  the 
amino  enhancer  of  split  protein  (AES- 1/2)  (Miyasaka  et 
al.,  1993)  of  the  Notch  complex  (Stifani  et  al.,  1992) 
associated  with  cell  differentiation  (Artavanis-Tsakonas 
et  al.,  1995).  Synthetic  peptides  of  these  sequences  were 
found  to  reconstitute  recognition  of  two  ovarian  and 
two  breast  TAL  lines,  isolated  from  ascites  or  pleural 
effusions  respectively,  suggesting  that  they  may  provide 
an  additional  target  for  tumor  specific  CTL. 

2.  Materials  and  methods 

2.7.  Cells  and  cell  lines 

The  ovarian  tumor  line  SKOV3.A2  has  been  pre¬ 
viously  described  (Fisk  et  al.,  1995).  Other  targets  used 
in  these  studies  consisted  of  freshly  isolated  breast  and 
ovarian  tumors  from  malignant  effusions.  BRTAL  and 
OVTAL  ascites  or  pleural  effusions  occurring  in  patients 
with  advanced  breast  or  ovarian  carcinomas  were  iso¬ 
lated  from  ovarian  ascites  (OVA-TAL)  or  breast  pleural 
effussions  and  ascites  (BRTAL).  Isolation  of  tumors, 
lymphocytes  and  lymphocyte  culture  was  performed  as 
previously  described  (Fisk  et  al.,  1995).  CTL  assays  to 
determine  recognition  of  peptide  pulsed  T2  cells,  tumor 
lysis  and  cold-target  inhibition  assays  followed  the  pre¬ 
viously  reported  procedures  (Fisk  et  al.,  1994,  1995). 
Tumor  peptide  extraction,  HPLC  fractionation  using  two 
acetonitrile  gradients  and  CTL  epitope  reconstitution 
assays  have  been  described  (Fisk  et  al.,  1997a,b).  Effec¬ 
tors  were  generated  by  culture  of  OVTAL  and  BRTAL 
in  RPMI  media  containing  10%  FCS  and  50  U/ml 
(Cetus)  of  IL-2  (complete  RPMI  medium). 

For  separation  of  CD8+  cells,  freshly  isolated  OVTAL 
and  BRTAL  were  propagated  in  RPMI  1640  medium 
containing  10%  FCS,  antibiotics  and  50  U/ml  of  IL-2 
(Cetus)  for  one  week.  Afterwards  the  CD8+  cells  were 
isolated  using  magnetic  beads  (Dynabeads,  Dynal,  Oslo, 
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Norway)  and  cultured  with  the  same  conditions.  For  the 
purpose  of  limited  cloning,  the  CD8+  cells  were  plated  in 
96-well  plates  using  binary  dilutions  ranging  from  20- 
5000  cells/well  in  the  presence  of  irradiated  PBMC  from 
HLA-A2+  donors  and  alternatively  stimulated  with 
OKT3  mAb  and  PHA.  None  of  these  cultures  was  stimu¬ 
lated  with  peptides  or  tumor  cells.  Furthermore,  tumor 
cells  were  not  used  as  feeders.  Two  to  three  weeks  later, 
the  wells  were  scored  for  growth.  Using  this  procedure, 
we  found  that  in  most  instances  proliferating  cultures  of 
CD8+  cells  resulted  from  wells  initially  seeded  with  80- 
160  cells/well  but  not  from  wells  where  the  CD8+  cells 
were  seeded  at  lower  densities  (Ioannides  et  al.,  1991). 
Thus  we  assumed  that  from  wells  containing  80  cells  or 
more,  at  least  one  CD8+  cell  was  able  to  proliferate,  while 
such  a  CD8+  cell  was  absent  from  wells  containing  half 
the  cell  number  (i.e.  40  cells)  because  proliferation  was 
not  observed  from  cultures  started  with  40  CD8  + 
cells/well.  Of  the  ‘clonal’  cultures  by  the  above  approach, 
the  ones  that  maintained  stable  growth  for  at  least  one 
month  from  the  initiation  of  the  limited  cloning  pro¬ 
cedure  were  tested  for  peptide  recognition.  Since  these 
cultures  were  not  recloned  they  are  designated  as  T  cell 
lines. 

2.2.  Mass-spectrometry 

Five  consecutive  HPLC  fractions  (fractions  38-42)  cor¬ 
responding  to  the  peak  B2  of  activity  of  peptides  eluted 
from  the  immunoaffinity  separated  HLA-A2  molecules 
from  SKOV3.A2  cells  were  analysed  by  MS  for  the  pres¬ 
ence  of  ions,  whose  relative  abundance  matched  the  CTL 
activity  of  two  ovarian  CTL-TAL  lines  (Fisk  et  al., 
1997b).  The  single-charged  ion  of  mjz  =  793  was  found 
in  fractions  40  and  41,  but  not  in  the  other  fractions. 
Identification  of  the  ion  composition  of  the  peak  B2 
fractions  has  been  recently  reported  (Fisk  et  ah,  1997b). 
Detailed  methodological  approaches  to  ion  analysis  and 
MS  sequencing  have  been  reported  (Fisk  et  al.,  1997b). 
Sequencing  of  the  ion  793  was  performed  by  the  Ana¬ 
lytical  Biochemistry  Center  of  the  University  of  Texas 
Medical  School  in  Houston,  Texas.  Collision-induced 
dissociation  (CID)  mass-spectra  were  obtained  with  a 
Finnigan  MAT  TSQ70-triple-quadrupole  instrument 
upgraded  with  TSQ700  software  and  a  20  kV  conversion 
dynode  electron  multiplier.  For  ion  scans,  the  resolution 
of  the  first  quadrupole  (Q.l)  was  adjusted  to  allow  trans¬ 
mission  of  +  2  U  from  the  center  of  the  mass  of  interest.  A 
peak  width  of  1  U  was  used  for  post-acquisition  spectral 
averaging  and  quantitation  by  manual  integration  of 
selected  chromatograms. 

Sequence  reconstitution  was  also  performed  using  the 
computer  program  PEPSEQ  version  1.2  (Sampson  et  ah, 
1995).  Although  this  program  identifies  a  large  number 
of  potential  candidate  sequences,  it  also  focused  the 
search  for  the  candidate  sequence  by  allowing  increasing 


stringency.  Peptide  sequences  were  identified  based  on  the 
concordance  of  determined  and  predicted  mass-values  for 
peaks  of  ions  in  a  candidate  sequence.  The  concordance 
was  determined  based  on  the  lowest  deviation  between 
experimental  and  theoretical  values  for  the  respective  ions 
and  defined  as  the  lowest  score/peak  ratio  (Fisk  et  ah, 
1997b). 

2.3.  Synthetic  peptides 

Synthetic  peptides  of  candidate  ions  prepared  were: 
G76  (AES-1:  128-135,GPLTPLPV),  G75  (AES-1:  128- 
135,  LPLTPLPV).  The  peptide  of  the  same  sequence  with 
G76  with  the  last  two  C-terminal  residues  inverted  was 
designated  G57:GPLTPLVP.  To  examine  the  possibility 
that  the  epitope  formed  is  part  of  a  longer  peptide, 
the  following  peptides  were  prepared  by  extending 
the  sequence  AES-1,128-135,  by  two  residues  at  C- 
terminus,  i.e.  G58:GPLTPLPVGL,  G59:PLTPLVPGL, 
G77 : GPLTPLP V GL  and  G78:  PLTPLPYGL.  To  exam¬ 
ine  the  possibility  that  the  N-terminal  extended  sequence 
forms  CTL  epitopes  two  peptides  were  prepared  G60: 
(AES-1,  127-135):  ALPLTPLPV,  and  G61:(AES-1, 125- 
133):  ALALPLTPL.  The  numbers  assigned  for  the  pos¬ 
ition  of  these  peptides  in  the  sequence  follow  the  sequence 
of  AES-1  protein.  The  sequence  in  the  AES-2  protein  is 
identical  in  this  area,  but  the  position  of  the  sequence  is 
N-terminally  shifted  by  1 1  residues  in  AES-2  compared 
with  AES-1(21).  AES-1  and  AES-2  proteins,  resulted 
likely  from  alternative  splicing  of  the  same  precursor 
mRNA  (Miyasaka  et  al.,  1993;  Mallo  et  al.,  1995).  For 
clarity,  only  the  AES-1  sequence  is  referred  to  in  this 
study.  These  peptides  were  prepared  by  the  Synthetic 
Antigen  Laboratory  of  M.D.  Anderson  Cancer  Center 
and  purified  by  HPLC  to  >95%  purity.  The  codes  used 
to  identify  peptide  in  this  study  were  assigned  by  the  same 
laboratory.  Peptides  G76,  G75,  and  G57  were  sequenced 
by  CID  as  described  above,  and  their  fragment  ions  spec¬ 
tra  were  compared  with  the  ions  resulted  from  the  natural 
ion  793.  To  facilitate  presentation,  the  amino  acids  sub¬ 
stituted  from  the  natural  sequence  or  groups  reverted 
from  the  natural  sequence  are  underlined.  All  other  pep¬ 
tides  used  in  these  studies  have  been  previously  described 
(Fisk  et  al.,  1995). 

2.4.  Immunofluorescence 

HLA-A2  stabilization  assays  were  performed  using  the 
T2  line  as  indicator  as  we  previously  described  (Fisk  et 
al.,  1996).  Expression  of  HLA-A2  was  determined  using 
the  HLA-A2  specific  mAb,  BB7.2  and  MA2.1.  Hybrid- 
omas  secreting  these  mAb  were  obtained  from  ATCC. 
The  stabilizing  ability  of  AES  peptides  indicative  of  their 
HLA-A2  affinity  was  determined  from  their  ability  to 
enhance  HLA-A2  expression  after  overnight  culture  with 
T2  cells  as  described  (Fisk  et  al.,  1996). 
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3.  Results 

3.1.  Characterization  of  the  sequence  of  the  ion  793 

The  ion  793  was  sequenced  by  mass-spectrometry  using 
collision  induced  dissociation  (CID).  To  obtain  a  can¬ 
didate  peptide  sequence,  the  resulting  daughter  ions  were 
first  examined  using  the  program  PEPSEQ  version  1 .2. 
To  focus  the  search  for  a  sequence,  the  stringency  was 
increased  after  each  round  of  analysis.  At  a  tolerance  of 
0.5  U  (<0.1%  deviation  from  the  mass  of  ion  793)  only 
six  candidate  sequences  were  selected  by  the  PEPSEQ 
program.  A  search  in  nucleic  acid  and  protein  data  bases 
using  candidate  peptides  containing  in  the  sequence  either 
Leu  (L)  or  lie  (I)  or  both  revealed  that  of  the  six  sequences 
only  the  sequenceGPLTPLPV  gave  the  highest  number 
of  matches  (7/8  matches)  with  a  known  sequence 
LPLTPLPV.  This  sequence  corresponded  to  amino  acids 
128-135  of  the  amino  enhancer  of  split  (AES)  protein. 
The  gene  for  this  protein  is  a  member  of  the  TLE  (trans- 
ducin-like  enhancer  of  split)  genes  (TLE  complex)  associ¬ 
ated  with  the  Notch  complex  (Miyasaka  et  al.,  1993). 
The  human  AES  and  TLE- 1,-2,  and  -3  proteins  show 
significant  sequence  homology  in  other  areas  but  differ 
in  this  particular  area  (e.g.  human  TLE-1: 139-1 50 
sequence  is  GPPVPLPHPSGL  (Stifani  et  al.,  1992). 

To  characterize  the  correspondence  between  the  exper¬ 
imentally  determined  and  predicted  sequence  for  ion  793, 
synthetic  peptides  G76:GPLTPLP V.  G57:GPLTPLVP, 
and  G75: LPLTPLPV  were  prepared.  These  peptides  were 
then  sequenced  by  CID.  The  predicted  mass  values  for 
the  y  and  b  ions  of  peptide  G76  are  listed  below  (Table 
1).  These  values  were  highly  similar  to  the  values  pre- 


Table  1 

Predicted  masses  of  daughter  ions  of  the  peptideGPLTPLPV:  AES-1 
(128-135)* 


No. 

Seq. 

a 

b 

bo 

d 

y 

yo 

No. 

1 

Gly 

30.0 

58.8 

40.0 

75.1 

793.5 

775.5 

8 

2 

Pro 

127.1 

155.1 

137.1 

172.1 

736.5 

718.5 

7 

3 

Leu 

240.2 

268.2 

250.2 

285.2 

639.4 

621.4 

6 

4 

Thr 

341.2 

369.2 

351.2 

386.2 

526.3 

508.3 

5 

5 

Pro 

438.3 

466.3 

448.3 

483.3 

425.3 

407.3 

4 

6 

Leu 

551.4 

579.4 

561.3 

596.4 

328.2 

310.2 

3 

7 

Pro 

648.4 

676.4 

658.4 

693.4 

215.1 

197.1 

2 

8 

Val 

747.5 

775.5 

757.5 

792.5 

118.1 

100.1 

1 

*  The  values  in  the  vertical  columns  indicate  the  residue  masses  of  the 
peptides  resulting  from  degradation  of  peptide  G76,  in  the  free  amino 
and  free  acid  form,  starting  from  each  terminus.  The  bojyo  ions  differ 
from  the  corresponding  b  and  y  ions  by  the  loss  of  one  molecule  of 
water  (i.e.  58  — (16 +  2)  =  40),  while  the  a  ions  differ  in  mass  from  the  b 
ions  by  the  loss  of  a  carbonyl  group  i.e.  58 -(16  +  12)  =  30).  The  exact 
mass  of  peptide  G76  (C38  H64  N8  010)  is  792.47.  The  exact  mass  of 
peptide  G57  with  the  C  terminal  Pro-Val  group  reverted  as  compared 
to  G76  is  the  same  with  G76. 


dieted  for  peptide  G57  ions,  in  which  the  last  two  C- 
terminal  amino  acids  are  reverted  from  the  sequence  of 
G76  (data  not  shown).  Sequencing  of  peptide  G76 
showed  a  good  correlation  between  the  experimentally 
obtained  and  predicted  mass  values  for  5/8  b ,  4/8  y,  2/8 
bo ,  4/8  yo ,  and  2/8  a ,  G76  daughter  ions  (Fig.  1A). 
Because  the  amount  of  HPLC  sample  used  for  sequencing 
was  limited,  to  integrate  the  sequence  the  resulting  daugh¬ 
ter  ion  masses  of  the  peak  793  were  compared  with  respect 
the  position  and  signal  intensity  with  the  predicted  masses 
of  the  G76  daughter  ions  b  and  y  and  the  corresponding 
a ,  bo,  and  yo  ions  (Papayannopoulos,  1995).  The  exper¬ 
imentally  obtained  sequence  data  for  peptide  G76  and 
ion  793  are  shown  side  by  side  in  Fig.  1  A.  Although  some 
major  daughter  ions  species  of  peptide  G76  were  not 
detectable  in  the  793  spectrum,  seven  of  eight  b  ions  and 
four  of  eight  y  ions  of  793  were  present  and  found  to 
match  within  1  U,  with  the  predicted  values  of  the  cor¬ 
responding  ions  for  peptide  G76:GPLTPLPV.  Fur¬ 
thermore,  peaks  corresponding  to  4/8  yo  ions,  3/8  bo  ions 
and  2/8  a  ions  of  the  peptide  G76  were  also  present  in 
the  spectrum  of  fragment  ions  of  793  (Fig.  1  A). 

To  identify  a  candidate  peptide  sequence  for  the  ion  of 
m/z  793  we  used  in  the  interpretation  of  the  data  first  the 
candidate  b  ions,  then  the  candidate  y  ions.  Expanded 
CID  spectra  for  the  ion  of  m/z  793  are  shown  in  Fig.  2A 
and  2B.  These  spectra  were  obtained  by  normalizing  the 
data  to  the  next  most  abundant  ions  other  than  m/z  496 
and  793  which  were  the  most  abundant  (Fig.  1A).  This 
allowed  the  presence  and  position  of  the  smaller  peaks  to 
be  determined  more  accurately. 

From  integration  of  the  values  for  the  candidate  b  ions 
m/z  (58.2,  155.5,  369.3,  465.3,  577.0,  679.1  and  775.2)  the 
candidate  sequence  appears  as  GPZZPLVP,  (Z  sym¬ 
bolizes  an  unknown  residue).  Then  we  examined  the  can¬ 
didate  y  and  yo  ions,  b  and  bo ,  y  and  yo  ions  differ  in 
mass  by  a  molecule  of  water  (1 8  U).  Thus  from  y/yo  ions 
of  m/z  793/775,-/717,  639/621,  526/508,  328/-,  216.9/200 
(?)  the  first  three  N-terminal  residues  can  read  as  GPL, 
while  the  last  two  C-terminal  residues  may  read  PV/VP 
(See  also  candidate  ion  y21+  m/z  216.9  and  yo2  m/z  1 99— 
200.  Based  on  the  difference  in  mass  between  candidate 
M  and  b2  ions  [369.3-155.5  =  (213.8)]  if  Leu  or  lie  is 
present  at  P3,  then  the  P4  residue  may  be  Thr  (Papay¬ 
annopoulos,  1995).  Thus  integration  of  y  ions  led  again 
to  a  candidate  peptide  of  sequence  either  GPLTPLPV  or 
GPLTPLVP  (Papayannopoulos,  1995).  Our  data  do  not 
allow  for  unambigous  assignment  of  the  order  of  the  last 
two  amino  acids.  Therefore,  the  sequence  of  ion  793 
deduced  from  b  and  y  ions  also  shows  a  good  match  (7/8) 
with  the  sequence  of  AES- 1/2  proteins  in  the  area  128— 
135,  initially  tentatively  identified  using  the  PEPSEQ  pro¬ 
gram.  The  signal  for  N-terminal  Leu  (mass  113)  cor¬ 
responding  to  the  wild-type  AES  peptide  was  not  detected 
in  the  spectrum  of  the  ion  793  but  was  detectable  in  the 
spectrum  of  the  synthetic  peptide  G75  suggesting  that  its 
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Fig.  1.  CID  spectra  of  the  peptide  G76  (A)  and  of  the  ion  793  (B).  The  ions  with  similar  positions  are  marked  with  arrows.  The  tentative  assignment 
of  the  ions  was  made  by  comparing  the  experimental  values  with  their  predicted  values  listed  in  the  Table  1.  The  ions  which  differ  from  the  predicted 
values  by  more  than  1.5-2  U  are  indicated  with  the  mark(?).  Note  the  absence  of  b\  and  y\  from  the  spectrum  of  peptide  G76  and  the  presence  of 
the  strong  ionizing  ion  496.4  in  the  spectrum  of  the  ion  793.  The  experimental  conditions  were  as  described  in  the  Materials  and  methods. 


lack  of  detection  does  not  represent  a  limitation  of  the 
sequencing  method  (data  not  shown). 

The  CID  spectrum  of  the  ion  793  also  shows  the  pres¬ 
ence  of  strong  signals  from  ions  m/z  124,  140,  496,  as  well 
as  of  signals  from  other  ions  at  weaker  intensity.  The  first 
three  ions  124, 140, 496.4  may  represent  impurities  (likely 
phospholipids,  unpublished  observations).  This  is 
because  MS/MS  spectra  from  other  ions  m/z :  453,  609, 
638,  787,  1008  and  1017  detected  in  this  peak  (Fisk  et  ah, 
1997)  showed  a  similar  pattern  of  background  inter¬ 
ference.  For  example  the  ion  140  was  found  in  the  CID 
spectra  of  ions  of  m/z  (453,  609,  638,  787,  1008,  and 
1017),  the  ion  124  was  present  in  the  CID  spectra  of  ions 
m/z  609  and  638,  while  the  ion  496  was  present  in  the 
CID  spectra  of  the  ions  of  m/z  609,  638,  and  786  (data 
not  shown). 

It  should  be  noted  that  these  peptides  were  isolated  as 


mixtures  from  very  complex  biological  matrices  and  were 
not  expected  to  be  pure.  Ions  124  and  140  did  not  cor¬ 
respond  to  dipeptides.  Ion  496  was  the  ion  with  the  stron¬ 
gest  intensity  in  the  spectrum,  stronger  than  that  of  any 
b  and  y  ion  and  even  stronger  than  that  of  ion  793.  Some 
of  the  other  ions  present  may  indicate  the  presence  of  an 
additional  peptidic  component  at  lower  density,  e.g.  ions 
279/261,  479,  566/538,  and  653.  Thus,  at  this  time  we 
cannot  rule  out  the  possibility  that  the  active  fractions 
contain  a  mixture  of  active  and  inactive  components  of 
peptide  nature  not  all  of  which  correspond  to  AES 
sequences. 

Clarification  of  the  presence  of  the  missing  ions  in 
793,  and  certification  of  its  peptidic  nature  would  have 
required  additional  material  which  would  in  turn  have 
meant  growing  more  tumor  cells  on  an  even  larger  scale 
(>40  x  1010  cells).  However,  the  important  question  was 
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Fig.  2.  Enlarged  presentations  of  the  CID  spectra  of  the  ion  793,  after  leaving  out  (A)  the  ions  of  m/z  496.4  and  (B)  the  ion  of  m/z  793.0.  Arrows 
indicate  the  positions  and  designation  of  the  candidate  Y  and  B  ions  by  comparison  with  the  values  in  Table  1.  Note  the  low  signal  for  the  ions  in 
the  expected  positions  for  61,  62,  63,  and  the  absence  of  y\,  >3,  y4  and  y 1. 


whether  a  peptide  with  this  sequence  is  functional,  and 
the  significance  of  its  function.  We  hypothesized  that  if 
the  proposed  sequence  for  the  ion  793  corresponds  to  a 
peptide,  and  this  peptide  is  functional  then  it  should  be 
able  to:  (a)  bind  to  HLA-A2  and  (b)  activate  effector 
pathways  by  CD8+  T  cells.  Therefore  to  establish  the 
significance  of  the  ion  793  and  its  related  peptides,  we 
decided  to  investigate  recognition  by  breast  and  ovarian 
CTL  of  AES  peptides  encompassing  the  amino  acids  125- 
135. 

The  area  AES-1,  125-135  includes  two  overlapping 
sequences  ALPLTPLPV  (127-135)  and  ALALPLTPL 
(125-133)  that  contain  HLA-A2  binding  motifs  and 
strong  P1P2  anchors.  Since  the  proposed  sequence  for 
the  ion  793  corresponded  to  an  N-terminally  mutated 
AES  peptide  of  the  sequence  128-135,  we  prepared  in 
addition  to  G76(GPLTPLPV)  and  G75(LPLTPLPV), 
the  peptides  G60(AES-1  (127-135  ALPLTPLPV)  which 
differs  from  G75  by  the  presence  of  N-terminal  Ala,  and 
the  peptide  G61  (AES-1  (125-133)  which  overlaps  in  part 
(LPLTPL)  with  the  other  three  peptides.  It  should  be 
.noted  that  the  m/z  of  AES-1  peptides,  128-135  (des¬ 
ignated  as  G75),  127-135  (G60),  and  125-133  (G61)  are 


different  and  higher  than  793,  e.g.  m/z  of  G75  =  849.1. 
HPLC  analysis  indicated  that  they  elute  with  distinct 
retention  times  (data  not  shown).  Thus  it  is  unlikely  that 
they  are  present  in  the  same  HPLC  peak. 

3.2.  Stabilization  assays 

To  address  the  question  of  the  ability  of  these  AES 
peptides  to  bind  HLA-A2  we  performed  T2  stabilization 
assays.  The  results  in  Table  2  show  that,  with  respect 
reactivity  with  BB7.2  mAb,  the  epitopes  formed  by  pep¬ 
tides  G76  and  G75  are  likely  to  be  conformationally 
different  (Fisk  et  al.,  1996).  Staining  with  MA2.1  mAb 
revealed  a  higher  stabilizing  ability  of  HLA-A2  by  G76 
than  did  staining  with  BB7.2  mAb.  In  contrast,  the  levels 
of  HLA-A2  stabilization  detected  by  MA2.1  and  BB7.2 
mAb  were  similar  for  the  peptide  G75  corresponding  to 
the  wild-type  AES-1  (128-135)  sequence.  The  possibility 
that  G75  and  G76  are  conformationally  different  epitopes 
was  strengthened  by  the  fact  the  peptides  G77  and  G78 
(AES-1,  128-137)  which  differ  from  G76  and  G75  by  the 
presence  of  the  C-terminal  group  Gly-Leu,  induced  a 
similar  pattern  of  staining  with  G76  and  G75  by  MA2.1 
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Table  2* 

Stabilization  of  HLA-A2  expression  on  T2  cells  by  AES  peptides 


MCF-Ra 


Code  Sequence  MA2.1  BB7.2 


G76 

G 

P 

L 

T 

P 

L 

P 

V 

1.76 

1.03 

G75 

L 

P 

L 

T 

P 

L 

P 

V 

1.53 

1.52 

G77 

G 

P 

L 

T 

P 

L 

P 

V 

G 

L 

1.51 

0.96 

G78 

L 

P 

L 

T 

P 

L 

P 

V 

G 

L 

1.44 

1.2 

G60 

A 

L 

P 

L 

T 

P 

L 

P 

V 

4.66 

N.D. 

G61 

ALA 

L 

P 

L 

T 

P 

L 

3.06 

2.80 

G57 

G 

P 

L 

T 

P 

L 

V 

P 

1.29 

N.D. 

G58 

G 

P 

L 

T 

P 

L 

V 

p 

G 

L 

1.07 

N.D. 

G59 

P 

L 

T 

P 

L 

V 

P 

G 

L 

1.58 

N.D. 

a  represents  the  mean  channel  fluorescence  ratio  (MCF-R),  between  the 
MCF  corresponding  to  T2  cells  incubated  with  any  of  the  peptides  and 
T2  (control)  that  have  not  been  incubated  with  peptide  (T2/NP).  Each 
peptide  was  used  at  a  concentration  of  20  \i%j ml. 


and  BB7.2  mAb.  C-terminal  extension  of  the  epitope  (as 
in  peptides  G77  and  G78)  did  not  increase  the  binding 
ability  of  the  peptide  to  HLA-A2.  The  stabilizing  ability 
of  peptides  G57  and  G58  with  the  C-terminal  group 
reverted  to  YP  (P7-8)  was  lower  than  that  of  the  cor¬ 
responding  w.t.  peptides  G76  and  G77. 

Peptides  G60  (127-135)  and  G61  (125-133)  showed 
significantly  higher  binding  affinity  for  HLA-A2,  than 
did  all  other  peptides  tested.  The  stabilizing  ability  of 
G60  was  comparable  with  the  stabilizing  activity  of  the 
high-affinity  HLA-A2-  associated  CTL  epitope  influenza- 
matrix  (M:58-66)  peptide.  These  results  suggested  that 
peptides  containing  the  group  GP  at  PI -2  can  bind  and 
stabilize  HLA-A2  with  low  affinity  even  though  they  do 
not  express  the  canonical  HLA-A2  anchors.  This  also 
suggested  that  one  candidate  natural  peptide(s)  of  the 
G76  sequence  can  be  presented  by  HLA-A2. 

3.3.  Recognition  of  AES  peptides  by  ovarian  and  breast 
tumor  reactive  CTL 

AES  sequence  analysis  indicate  that  in  the  same  area 
(125-135),  based  on  HLA-A2  binding  motifs,  several 
overlapping  candidate  CTL  epitopes  (G75,  G60,  G61) 
may  be  present.  The  L  -»  G  (128)  change  in  the  AES  may 
reflect  a  variant  member  of  the  AES  family  as  reported 
for  other  Ag  (den  Haan  et  al.,  1995).  This  raised  the 
question  whether  the  w.t.  peptide  G75  and/or  the  variant 
peptide  G76  are  recognized  by  TAL.  We  decided  to  inves¬ 
tigate  in  parallel  the  recognition  of  a  w.t.  candidate  CTL 
epitope  (represented  by  peptide  G75),  of  the  natural 
candidate  CTL  epitope  (G76),  and  two  overlapping 
nonamers  containing  canonical  HLA-A2  anchors  cor¬ 
responding  to  the  w.t.  AES  sequences  127-135  (G60)  and 
125-133  (G61). 


Since  ion  793  was  found  to  be  expressed  by  an  ovarian 
tumor  line,  we  first  tested  recognition  of  AES  peptides 
by  ovarian  TAL.  To  determine  whether  any  of  these  AES 
peptides  are  recognized  by  ovarian  TAL  (OVTAL)  we 
first  analysed  the  concentration-dependent  recognition  of 
G76  (w.t.),  G76  (natural)  and  of  the  overlapping  peptides 
G60  and  G61 .  All  these  peptides  shared  the  motif  PLTPL. 
The  effectors  were  generated  by  brief  culture  in  medium 
containing  IL-2  of  OVTAL  from  HLA-A2+  donors. 
These  OVTAL  were  not  restimulated  with  tumors  during 
in  vitro  culture  to  avoid  changes  in  Ag  specificity.  Both 
G75  and  G76  were  recognized  at  a  concentration  of  1 
jag/ml  by  OVTAL- 1  (Fig.  3  A).  Of  interest,  at  5  pgj ml  G76 
recognition  indicated  signs  of  saturation.  Recognition  of 
G60  and  G61  was  borderline  and  not  significantly  differ¬ 
ent  from  controls  (data  not  shown).  Since  G75  and  G76 
differ  only  in  the  N-terminal  residue  we  isolated  CD8  + 
lines  from  OVTAL-1,  and  tested  recognition  of  G75, 
G76  as  well  as  the  lysability  of  SKOV3.A2  cells  by  these 
effectors.  The  results  (Fig.  3B)  show  that  the  line  OD8 
recognized  G75  but  not  G76.  This  line  also  recognized 
SKOV3.A2  cells  suggesting  that  a  similar  epitope  with 
the  one  formed  by  G75  may  be  present  in  the  tumor 
cells.  Another  line,  OF81,  isolated  from  the  same  donor 
recognized  G76  at  concentration  as  low  as  0.2  /zg/ml  but 
did  not  recognize  G75  (Fig.  3C).  The  line  OF81  also 
recognized  SKOV3.A2  cells. 

To  evaluate  whether  OVTAL  could  recognize  AES 
peptides  G60  and  G61,  that  bind  HLA-A2  with  high 
affinity,  lysis  of  T2  cells  preincubated  with  each  of  the 
low  A2  affinity  (G75,  G76)  and  high  affinity  peptides 
(G60,  G61)  was  tested  in  the  same  experiment  over  a 
range  of  concentrations  by  OVTAL  from  a  second  donor 
(OVTAL2).  Both  G76  and  G75  were  recognized  by 
OVTAL-2  at  lower  peptide  concentration  (5  pg/ml)  better 
than  G60  and  G61  (Fig.  4A-D).  At  50  jug/ml  recognition 
of  G75  and  G76  in  fact  decreased.  G60  and  G61  were 
recognized  by  OVTAL-2  although  required  significantly 
higher  concentrations  (25-50  pgj ml)  than  G75  and  G76. 
Taking  into  consideration  that  G60  and  G61  have  sig¬ 
nificantly  higher  affinity  for  HLA-A2,  than  G75  and  G76 
this  suggested  that  the  affinity  of  TCR  for  the  G76-HLA- 
A2  and  G75-HLA-A2  epitope  was  higher  than  the  affinity 
of  TCR  for  the  G60/G61-  HLA-A2  epitopes.  Since  G75 
and  G60  differ  only  at  their  N-terminal  Ala,  this  further 
indicates  that  the  epitope(s)  formed  by  G76/G75  were 
preferentially  recognized  over  G60  and  G61. 

Similar  results  were  observed  when  G75,  G76,  and  G61 
were  tested  for  recognition  by  breast  BR-TAL-1.  G76 
was  better  recognized  than  G75  and  G61  (Fig.  5A-C). 
Therefore,  the  results,  using  two  ovarian  and  one  breast 
TAL  lines,  suggest  that  both  octamers,  the  w.t.  and  the 
variant  AES  epitopes  are  recognized  by  TAL,  with  higher 
affinity  than  the  overlapping  nonamers  G60  and  G61. 
These  results  also  suggest  that  epitope(s)  recognized  by 
the  TCR  of  these  TAL  may  be  located  closely  to  the  N- 
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OVTAL-1  0D8  OF-8-1 


Fig.  3.  (A)  Concentration  dependent  recognition  of  AES-1  peptides  G75  (0)  and  G76  (A)  by  OVTAL-1  at  an  E :  T  ratio  of  10 :  1 .  Recognition  of  G75 
P),  G76  {W)  and  of  SKOV3.A2  P)  by  two  CD8+  lines,  OD8  (B)  and  OF81  (C)  derived  from  OVTAL-1.  E :  T  was  8  : 1.  Recognition  by  OVTAL-1, 
OD8  and  OF81  was  determined  in  separate  experiments  (A).  One  of  two  experiments  with  similar  results  is  shown.  All  experiments  were  performed 
in  triplicate  (B),  (C).  Recognition  of  G75  and  G76  was  significantly  different  from  control,  (T2/NP),  no  peptide  pulsed  T2  cells  (O).  Recognition  of 
G76  by  OD8  and  of  G76  by  OF-8-1  was  0.0.  (P  <  0.05)  by  the  unpaired  Student  /-test.  OVTAL-1  recognition  of  peptides  G60  and  G61  was  borderline 
and  not  significantly  different  from  controls,  and  was  not  tested  for  lines  OD8  and  OF-8-1. 


G76  G75  G60  G61 


[ng/ml]  [ng/ml]  [ug/ml]  [ng/ml] 

Fig.  4.  Concentration  dependent  recognition  of  AES  peptides  G60  and  G61  by  OVTAL-2.  T2  targets  were  pulsed  with  (A)  G75,  (B)  G76,  (C)  G60, 
(D)  G61.  E:T  ratio  in  the  5  h  assay  was  10:1  in  all  experiments.  Recognition  of  G75,  G76  and  G61  was  determined  in  the  same  experiment.  0, 
indicates  T2/NP.  Recognition  of  G60  was  determined  in  a  separate  experiment  performed  three  days  later.  Both  G75  and  G76  were  recognized  better 
than  T2/NP  (P  <  0.05)  at  5  fig/ml  One  of  two  experiments  performed  in  triplicate  is  shown.  Results  indicate  mean±SD.  Recognition  of  G60  and 
G61  was  significantly  higher  than  of  control  (T2/NP)  targets  only  at  25  and  50  /u  g/ml  respectively.  Experimental  conditions  were  described  in  Materials 
and  methods. 
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Fig.  5.  (A,  B,  C)  Concentration  dependent  recognition  of  AES  peptides  G75,  G76  and  G61  by  BRTAL-1  in  a  5  h  assay.  All  determinations  were 
performed  in  triplicate  in  the  same  experiment.  Results  respresent  mean  +  SD.  E :  T  ratio  was  20:1.  Recognition  of  G75  and  G76  was  significantly 
higher  than  of  control  T2/NP  (O)  at  1  and  10  fig/ml.  Recognition  of  G61  was  not  significantly  different  from  control  at  1  jUg/ml.  (D)  Cold-target 
inhibition  by  AES  peptides  of  the  recognition  of  autologous  tumor  by  BRTAL-1.  All  determinations  were  performed  in  the  same  experiment  in 
triplicate.  Results  indicate  mean  +  SD.  Because  BRTAL-1  showed  weak  lysis  of  autologous  tumor  in  5  h  assay  (7.2%),  the  assay  was  continued  up 
to  20  h  to  confirm  the  differences  in  inhibition  of  tumor  lysis.  T2  cells  were  pulsed  with  each  peptide  at  10  /ig/ml.  The  cold  :  hot  ratio  was  10:1.  The 
E :  T  ratio  was  20 : 1  and  40:1.  (A)  NP,  (#)  G75,  (■)  G76,  ( )  G61.  (*)  Significant  inhibition  of  lysis  was  observed  with  G75,  G76  and  G61  at  E :  T 
ratio  of  20:  1  (P  <  0.05)  but  only  with  G61  and  G75  (P  <  0.05),  at  E : T  ratio  of  40 : 1 . 


terminal  area  of  these  peptides,  since  all  these  peptides  inhibiting  recognition  of  the  breast  tumor  by  the  auto¬ 
share  the  hexamer  LPLTPL.  logous  BR-TAL-1,  suggesting  that  it  is  likely  that  an 

epitope  similar  to  the  one  formed  by  G76  on  T2  cells  is 
expressed  on  autologous  tumor.  Autologous  tumor  lysis 
3.4.  Cold-target  inhibition  experiments  was  inhibited  even  more  efficiently  than  G75  and  G76, 

by  G61.  It  should  be  noted  that  BR-TAL-1  recognized 
To  address  whether  AES  epitopes  are  present  on  the  more  efficiently  G75  and  G76  than  G61.  The  reasons  for 

autologous  tumor  with  BRTAL-1,  we  performed  cold-  higher  inhibition  by  G61  are  not  known,  but  G61  had 

target  inhibition  experiments.  All  AES  peptides  tested  significantly  higher  stabilizing  ability  for  HLA-A2  than 

inhibited  recognition  of  autologous  tumor  by  more  than  G75  and  G76,  thus  it  may  be  possible  that  a  higher 

50%  compared  with  T2  cells  pulsed  with  no  peptide  number  of  HLA-A2 — G61  complexes  are  present  on  T2 

(T2/NP)  at  a  cold: hot  ratio  of  10: 1.  The  results  in  Fig.  cells  over  a  longer  period  of  time.  These  results  also 

5D  also  show  that  G76  was  more  effective  than  G75  in  indicate  that  a  peptide  with  similar  or  cross-reactive 
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sequence  with  G61  is  presented  by  the  freshly  isolated 
metastatic  breast  tumor. 

3.5.  Both  G75  and  G76  specific  CD8+  cells  are  present  in 
the  freshly  isolated  breast  TAL 

The  results  presented  above  suggest  that  CTL  specific 
for  either  G75  or  G76  or  both  epitopes  are  present  in 
the  ovarian  ascites  and  pleural  effusions.  To  establish 
whether  CTL  specific  for  one  of  these  peptides  constitute 
a  significant  population,  CD8+  cells  were  isolated  from 
a  sample  of  breast  pleural  effusion  (designated  BRTAL- 
2)  one  week  after  culture  in  IL-2  and  were  further  cultured 
using  different  starting  numbers.  When  the  cells  in  each 
culture  were  present  in  sufficient  numbers  to  allow  CTL 
assays  they  were  tested  for  recognition  of  peptides  G75 
and  G76.  Of  the  37  cultures  tested,  we  found  two  cultures 
(15B  and  27E)  for  which  the  levels  of  recognition  of  G76 
were  at  least  two-fold  higher  than  of  G75,  and  one  culture 
(27F)  for  which  the  levels  of  recognition  of  G75,  were  at 
least  two-fold  higher  than  of  G76  (Fig.  6A  and  6B).  Since 
these  CTL  were  isolated  from  cultures  initially  seeded 
between  160  cells/well  (27F,  27E)  and  640  cells/well  (15B), 
this  suggests  that  the  clonal  size  of  G75-specific  and  G76- 
specific  CTL  should  be  significant. 

To  determine  whether  in  these  populations  G76  specific 


clones  are  present,  one  of  the  lines,  designated  as  27E 
was  recloned,  and  retested  after  expansion.  The  results  in 
Fig.  6C  show  that  the  line  B27E  recognized  G76  at  both 
0. 1  and  1 .0  fig/ ml,  at  an  E ;  T  ratio  as  low  as  2 : 1  but  did 
not  recognize  G75.  This  confirmed  the  results  obtained 
with  the  two  ovarian  TAL  lines,  suggesting  that  CD8  + 
CTL  of  similar  affinity  and  specificity  for  G75  and  G76 
are  present  in  both  epithelial  tumor  systems. 

4.  Discussion 

In  this  study  we  have  identified  a  novel  candidate 
tumor  Ag  recognized  by  CTL  present  in  the  TAL  from 
ovarian  and  breast  tumors.  This  candidate  tumor  Ag 
consists  of  AES  protein,  which  is  part  of  the  Notch  com¬ 
plex  involved  in  signalling  for  determination  of  cell  fate 
during  development  and  differentiation.  The  AES  protein 
is  proposed  as  a  candidate  tumor  Ag  based  on  the  ability 
of  several  peptides  of  AES  sequence  to  activate  and 
inhibit  the  effector  function  of  OVTAL  and  BRTAL. 

These  peptides  present  certain  characteristics  which 
have  not  been  previously  observed  in  other  human  pep¬ 
tides  forming  CTL  epitopes: 

(1)  they  derive  from  proline  rich  areas  and  contain  in  the 
sequence  at  least  three  Pro  and  three  Leu  residues; 


G75 


G76 


27E 


Fig.  6.  (A,  B)  Patterns  of  G76  and  G75  recognition  by  CD8+  CTL  isolated  by  limited  cloning  from  BRTAL-2.  (A)  CD8+  CTL  cultures  preferentially 
recognizing  peptide  G75.  (B)  CD8+  CTL  cultures  preferentially  recognizing  G76.  Target  T2  cells  were  pulsed  with  1  /ig/ml  of  G75  and  G76 
respectively.  Because  of  the  large  number  of  cultures  to  be  tested  for  each  culture,  recognition  of  G75  (■  )  or  G76  (#)  was  determined  by  an  initial 
screening  in  the  same  experiment  in  duplicate.  All  resulting  cultures  were  tested  twice  for  recognition  of  G75  and  G76.  Only  cultures  which  were 
confirmed  in  both  experiments  to  preferentially  recognize  G75  or  G76  were  considered  positive.  The  E :  T  ratio  was  3:1.  CD8+  cells  in  the  wells 
indicated  as  5,  6,  7,  8  were  initially  seeded  at  640,  320,  160  and  80  cells/well,  respectively.  Designations  e.g.  27F  indicate  plate,  column,  row  (C) 
Concentration-  dependent  recognition  of  G76  by  line  B27E  isolated  from  a  CD8+  culture  previously  found  in  a  separate  experiment  (B)  to 
preferentially  recognize  G76  over  G75.  The  E :  T  ratio  was  2:1.  (■)  G75,  (#)  G76;  (C)  Recognition  of  G76  was  significant  compared  with  that  of 
G75  at  both  0.1  and  1.0  /ig/ml  ( P  <  0.05).  The  results  show  the  means  and  standard  deviations  of  one  CTL  assay  performed  in  triplicate. 
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(2)  two  of  these  active  peptides  contain  Pro  at  position 
2  (P2).  P2  corresponds  to  the  main  anchor  position 
for  peptide  binding  to  HLA-A2.  It  is  generally  occu¬ 
pied  by  Leu/Ile  and  less  frequently  by  Met,  Ala,  and 
Thr  (Hunt  et  al.,  1992); 

(3)  the  most  active  peptides  containing  Pro  at  P2  were 
generally  recognized  with  higher  affinity,  at  10-fold 
lower  concentrations  than  the  corresponding  over¬ 
lapping  nonamers  (AL)PLTPLPV  containing 
canonical  Leu  (P2)  and  binding  HLA-A2  with  high 
affinity. 

(4)  One  of  the  active  peptides  recognized  with  high 
affinity  by  ovarian  and  breast  CTL,  G76  corresponds 
to  a  fragment  of  a  likely  variant  AES  protein.  This 
epitope  is  characterized  by  a  Leu-  >  Gly  change  in 
the  N-terminal  residue,  a  change  unlikely  to  be  the 
result  of  a  point  mutation  in  the  Leu  codon,  since  no 
point  mutations  in  the  Leu  codon  can  lead  to  the  Gly 
codon  (Stifani,  S.,  pers.  comm.). 

In  determining  the  recognition  of  the  candidate  natural 
epitope  G76,  we  noted  that  its  recognition  peaked  at  1- 
5  jig/ml  and  was  inhibited  at  higher  concentrations  (25- 
50  pg/ml).  This  may  reflect  sometimes  the  presence  of 
impurities  in  the  HPLC  purified  peptides.  For  Pro-rich 
proteins,  this  may  also  reflect  Ag  aggregation/ 
dimerization;  This  inhibitory  activity  was  observed,  at 
the  same  concentrations  with  peptide  G75  which  differs 
from  G76  only  at  the  N-terminal  Leu.  Although  these 
results  are  preliminary  since  they  were  obtained  with  a 
small  panel  of  effectors,  they  indicate  that  existing  CTL 
recognize  G75  and  mainly  G76  when  pulsed  on  T2  targets 
at  concentrations  as  low  as  0.2-0. 5  /tg/ml  (range  250-600 
nM).  These  concentrations  are  significantly  lower  than 
the  concentrations  required  to  sensitize  targets  by  most 
other  peptides  recognized  by  CTL  in  epithelial  cancers 
(Fisk  et  al.,  1995)  and  the  majority  of  the  melanoma 
tumor  Ag  (Houghton,  1994).  Therefore,  the  possibility 
that  G76  specific  CTL  are  high  affinity  clones  which  are 
inhibited  by  high  Ag  concentrations,  in  a  similar  way 
with  CTL  recognizing  classic  Ag  (Alexander-Miller  et 
al.,  1996)  may  deserve  further  investigation  since  it  may 
provide  a  mechanism  for  tumor  escape. 

Based  on  cold-target  inhibition  studies,  we  surmise, 
that  complexes  structurally  similar  to  the  one  formed  by 
the  AES  peptides  are  present  on  the  surface  of  tumor 
cells.  Ongoing  studies  are  attempting  to  clarify  whether 
all  three  AES  peptides  are  simultaneously  presented  by 
the  tumor  and  the  implications  of  Ag  presentation  from 
peptides  containing  Pro  at  P2. 

AES  peptide  G76:GPLTPLPV  was  identified  after  MS 
sequencing  of  an  ion  with  m/z  793  present  in  a  HPLC 
fraction  of  peptides  acid-eluted  from  immunoaffinity  sep¬ 
arated  HLA-A2  molecules  from  a  tumor  line.  This  frac¬ 
tion  reconstituted  the  CTL  effector  function  of  two 
OVTAL  lines  (Fisk  et  al.,  1997a,b).  The  signal  intensity 


of  the  ion  793  in  two  consecutive  HPLC  fractions  mat¬ 
ched  the  CTL  activity  induced  by  these  fractions  (Fisk  et 
al.,  1997b),  thus  it  was  considered  a  primary  candidate 
for  sequencing.  Although  our  results  neither  provide  cer¬ 
titude  that  ion  793  is  a  peptide,  nor  proof  that  it  is  the 
only  active  component  of  the  peak  793,  the  approach  we 
used  may  be  useful  for  other  Ag  characterization  studies. 
The  extensive  handling  of  samples  used  for  Ag  identi¬ 
fication  is  accompanied  by  substantial  losses  in  material 
(sometimes  up  to  90%)  (Udaka  et  al.,  1982),  which  need 
to  be  compensated  by  growing  higher  numbers  of  cells. 
The  availability  of  small  amounts  of  samples  for  peptide 
sequencing,  does  not  allow  a  direct  answer  to  the  ques¬ 
tions  as  to  whether  a  particular  ion  present  in  an  active 
peak  has  attached  other  groups  (i.e.  phospholipids, 
sugars)  or  even  shorter  peptides  that  may  be  active  by 
themselves.  In  contrast,  the  focus  on  a  candidate  peptide 
and  analysis  of  recognition  of  overlapping  synthetic  pep¬ 
tides  may  provide  a  rapid  answer  to  the  question  whether 
a  candidate  tumor  Ag,  is  recognized  i.e.  is/was  immuno¬ 
genic  in  vivo. 

The  critical  tests  of  tumor  Ag  identification  strategy 
are  whether:  (a)  the  candidate  peptide  is  active  in  inducing 
effector  function  by  T  cells  from  the  tumor  environment 
and  (b)  the  gene  and  its  corresponding  source  protein  are 
expressed  by  the  tumor,  i.e.  CTL  do  not  recognize  cross¬ 
reactive  species  on  other  targets.  Our  results  show  that  the 
AES  peptides  meet  the  criterion  of  activating  of  effector 
function.  Ongoing  studies  in  our  laboratory  have  also 
found  that  peptides  G75,  and  G76  but  not  G60  can  induce 
IL-2  secretion  by  OVTAL,  within  24h,  suggesting  that 
they  can  activate  additional  signal  transduction  pathways 
in  effectors  (Babcock  et  al.,  Manuscript  in  preparation). 
Furthermore,  preliminary  studies  in  our  laboratory  could 
not  unambigously  establish  that  (a)  peptides  with  the 
group  VP  instead  of  PV:  G59,  G58,  G59  and  (b)  peptides 
with  extended  C-terminal:  G77,  G78,  G58,  G59  are 
recognized  by  BRTAL  and  OVTAL.  Thus,  additional 
studies  are  needed  to  clarify  these  points.  In  the  absence, 
at  this  time,  of  antibodies  that  unequivocally  recognize 
human  AES- 1/2  in  tumors  and  healthy  tissues,  we  cannot 
quantitate  the  AES  levels.  Preliminary  results  in  our  lab¬ 
oratory  using  PCR  and  primers  and  probes  specific  for 
AES- 1 ,2  indicate  that  AES  transcripts  are  present  in  both 
the  ovarian  SKOV3.A2  and  breast  SKBR3.A2  lines,  and 
they  are  distinct  from  the  transcripts  of  the  TLE-1-4 
proteins.  However,  since  the  presence  of  a  transcript  does 
not  always  indicate  the  abundance  of  a  protein, 
additional  studies  are  needed  to  address  this  point. 

The  AES  genes  (also  designated  Grg)  mapped  to 
human  chromosome  19  (Mallo  et  al.,  1995),  are  part  of 
the  Enhancer  of  split  [E(spl)]  complex  of  genes,  that  also 
includes  the  similar  TLE  genes  (Stifani  et  al.,  1992).  The 
E(spl)  genes  form  a  neurogenic  locus  in  Drosophila  (Arta- 
vanis-Tsakonas  et  al.,  1995).  The  exact  function  of  E(spl) 
proteins  is  not  known,  but  it  is  possible  that  they  function 
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as  transcriptional  repressors  of  effector  genes  for  cell 
differentiation  (Jarriault  et  al.,  1995).  These  repressor 
pathways  are  induced  by  the  activation  of  the  membrane- 
bound  Notch  receptor  and  signal  the  suppression  of 
differentiation.  It  was  recently  reported  that  TLE  family 
members  are  overexpressed  in  combinatorial  ways  during 
differentiation  of  mouse  embryonic  carcinoma  cells  in 
vitro  (Yao  et  al.,  1998).  The  role  of  AES  and  its  involve¬ 
ment  in  carcinogenesis  or  maintenance  of  undiffer¬ 
entiated  state  is  unknown  but  the  mouse  analog  Grg  was 
implicated  in  inhibition  of  gene  transcription  (Mallo  et 
al.,  1995b).  The  AES  proteins  may  be  widely  distributed 
in  adult  mice  tissues  (Mallo  et  al.,  1995a)  and  possibly  in 
human  tissues  (Miyasaka  et  al.,  1993). 

Four  mammalian  Notch  genes  (1,  2,  3,  4)  have  been 
identified  (Shirayoshi  et  al.,  1997).  They  are  highly  con¬ 
served  relative  to  the  Drosophila  Notch  gene  and  appear 
to  be  important  for  cell  differentiation  and  neoplasia 
associated  translocation  (Larsson  et  al.,  1994). 
Expression  of  NotchA j  Notch-2  proteins  have  been 
reported  in  adult  tissues  of  the  mouse  including  among 
others  brain,  thymus,  spleen  and  lung  (Ellisen  et  al., 
1991),  as  well  as  human  bone  marrow  CD34+  stem  cells 
(Varnum-Finney  et  al.,  1998).  Transcripts  of  human 
Notch  A  are  abundant  in  human  fetal  tissues  while  over¬ 
expression  or  truncation  of  Notch-(Tan  1)  are  important 
determinants  of  oncotropic  activity  (Ellisen  et  al.,  1991; 
Pear  et  al.,  1996). 

It  may  be  tempting  to  propose  that:  (a)  the  synthesis 
of  AES  proteins  also  increase  in  cancer  cells,  to  maintain 
the  undifferentiated  state  as  reported  for  TLE  genes  (Liu 
et  al.,  1995);  (b)  AES  may  be  subjected  to  a  more  rapid 
turnover  and/or  interacts  with  another  protein  as  recently 
reported  for  TLE  proteins  (Palaparti  et  al.,  1997)  and/or 
is  misprocessed.  (c)  Overexpression  of  Notch- 1  and 
Notch-2,  as  well  as  of  the  proteins  of  the  TLE  complex 
may  result  in  overexpression  and  misprocessing  of  AES 
proteins.  All  these  possibilities  have  been  reported  to  lead 
to  CTL  epitope  formation  (Yewdell  et  al.,  1996;  Michalek 
et  al.,  1993).  It  remains  to  be  seen  whether  AES  is  expre¬ 
ssed  in  normal  tissues,  and  whether  the  CTL  recognizing 
these  peptides  also  lyse  healthy  tissues.  If  the  origin  of 
ion  793  as  well  as  the  wild-type  AES  CTL  epitopes  will 
be  confirmed,  this  may  provide  a  novel  Ag  to  target  in 
cancer  vaccination  studies. 
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Abstract.  Tumor  associated  lymphocytes  (TAL)  isolated 
from  malignant  ascites  cultured  in  media  containing 
interleukin-2  show  antitumor  responses.  These  antitumor 
responses  are  mediated  by  cytotoxic  T  lymphocytes  (CTL) 
which  recognize  antigen  in  the  context  of  MHC  molecules 
using  T  cell  receptors.  CD8+  CTL  recognize  peptide  epitopes 
processed  from  cellular  proteins  in  the  context  of  MHC  class  I 
molecules.  These  peptides  have  a  restricted  length  of  8-11 
amino  acids.  The  folate  binding  protein  (FBP)  is 
overexpressed  in  over  90%  of  ovarian  and  20-50%  of  breast 
cancers.  We  recently  found  that  FBP  is  the  source  of  antigenic 
peptides  recognized  by  a  number  of  these  CTL-TAL.  This 
indicated  that  FBP  peptides  are  antigenic  in  vivo  for  ovarian 
and  breast  CTL-TAL.  To  define  FBP  immunogenicity,  a 
peptide  defining  the  epitope  E39  (FBP,  191-199)  was 
presented  by  PMBC  derived  dendritic  cells  (DC)  from  healthy 
donors  isolated  by  the  CD14  method  to  ovarian  and  breast 
CTL-TAL.  Stimulation  of  ovarian  and  breast  CTL-TAL  by 
E39  pulsed  DC  (DC-E39),  in  the  presence  of  IL-2,  rapidly 
enhanced  or  induced  E39  specific  CTL  activity.  This  E39- 
responder  population  consisted  of  cells  expressing  TCR  Vfi9, 
Vfil3,  and  Vfil7  families,  based  on  the  increase  in  the 
percentages  of  these  families  in  DC-E39  versus  DC-NP 
stimulated  TAL.  Characterization  of  immunogenic  tumor 
antigens  and  of  cytokine  requirements  for  induction  of 
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functional  antitumor  effectors  may  be  important  for  future 
cancer  vaccine  developments. 

The  identification  of  tumor  antigens  (Ag)  recognized  by 
CTL  in  melanoma  as  well  as  in  other  cancers  such  as 
ovarian  cancer  has  raised  interest  in  developing  novel 
molecular  therapies  for  cancer  based  on  tumor  Ag 
stimulation  of  CTL  [1,2].  Since  the  tumor  Ag  recognized  by 
CTL  consist  of  short  amino  acid  sequences  (8-11  residue 
long),  which  define  epitopes  presented  by  MHC-I 
molecules,  the  central  hypothesis  of  all  these  studies  is  that 
these  specific  sequences  can  induce  anti-tumor  CTL 
immunity.  Definition  of  the  immunogenicity  of  these 
epitopes  is  based  on  their  ability  to  stimulate  CTL  in  vitro 
and  in  vivo  to  expand  and  express  specific  CTL  function 
[3].  Although  T  cell  stimulation  and  vaccination  with  short 
defined  sequences  is  expected  to  overcome  concerns  of 
specificity  of  recognition  and  to  focus  the  responses  to  well 
defined  epitopes,  tumor  specific  CTL  stimulation/induction 
by  short  peptides  has  encountered  difficulties  [4-7].  This 
was  expected  given  the  reported  complexities  in  inducing 
CTL  capable  of  recognizing  endogenously  presented  Ag,  at 
stimulation  with  exogenously  added  nonamer  peptides 
[8,9].  In  general,  exogenous  peptides  pulsed  on  various 
APC  poorly  stimulated  CD8  +  cells  from  PBMC,  and  lead 
to  CTL  that  recognized  at  higher  extent  the  exogenous  but 
not  the  endogenous  presented  Ag.  This  phenomenon  was 
more  frequently  described  in  extensive  studies  in  the 
melanoma  system,  where  patients  vaccinated  with  wild  type 
melanoma  gplOO  peptide  209-217,  or  with  a  mutated 
analog  g9-209(2M)  induced  high  numbers  of  peptide  209- 
217  specific  CTL  but  weak  clinical  responses  [10,11]. 
Further  analysis  demonstrated  that  such  CTL  recognized 
the  wild  type  or  the  mutated  analog,  but  poorly  the  gplOO 
expressing  melanoma  cells. 

Similar  results  were  obtained  from  in  vitro  and  in  vivo 
studies  in  other  systems,  such  as  ovarian  carcinoma  using 
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HER-2  peptide  E75  immunogen  and  incomplete  Freund’s 
adjuvant  [12].  This  was  not  unexpected  since  it  has  been 
previously  shown  in  studies  with  tumor  Ag  that  numerous 
repeated  peptide  stimulations  are  necessary  for  expanding 
Ag  or  tumor  specific  CTL  from  PBMC  [13-14]. 

Furthermore,  DC  peptide  stimulation  can  more  easily 
expand  activated  [15]  than  primary  effectors  [16]. 

Ongoing  studies  are  focussed  on  approaches  to 
overcome  the  poor  immunogenicity  of  the  tumor  Ag  when 
delivered  in  peptide  form.  One  of  these  approaches  uses 
DC  as  APC.  This  aims  to  enhance  the  peptide 

immunogenicity  by  increasing  both  the  Ag  levels  and  the 
levels  of  co-stimulatory  molecules.  DC  have  the  capacity  to 
uptake  higher  amounts  of  peptides  than  other  APC.  While 
the  DC  approach  appears  to  require  less  cycles  of 
stimulation  for  CTL  induction  than  the  PBMC  as  APC,  its 
use  for  therapeutic  purpose  depends  on  the  availability  of 
DC  precursors.  This  is  an  important  issue  for  cancer 
patients  particularly  for  the  ones  with  advanced  disease 
with  low  blood  counts  and  functionally  impaired  DC 
[17,18]. 

The  fact  that  PBMC  derived  DC  cultured  in  GM-CSF 
plus  IL-4  show  poor  proliferation  and  limited  life  span 
[19],  raises  the  possibility  of  using  as  APC,  DC  from 
healthy  donors  for  stimulation  of  CTL.  Tumor  infiltrating 
lymphocytes  (TIL)  and/or  TAL  show  a  higher  frequency  of 
Ag-specific  CTL  than  PBMC  and  consist  of  activated 
memory  effectors  [20].  This  raises  the  possibility  of 
stimulating  TIL/TAL  with  peptide  pulsed  DC  to  expand 
Ag-specific  clonal  populations,  on  the  rationale  that  lower 
Ag  concentrations  and  less  co-stimulatory  interactions  are 
needed  for  activation  of  memory  than  of  naive  T  cells. 

To  investigate  this  possibility,  we  stimulated  ovarian  and 
breast  TAL  from  six  distinct  patients  with  peptide  pulsed 
allogeneic  DC.  The  peptide  used  for  stimulation 
correponds  to  a  immunodominant  CTL  epitope  mapping 
the  amino  acids,  191-199  of  the  FBP,  a  newly  identified 
tumor  Ag  [21].  FBP  is  overexpressed  in  the  majority  of 
ovarian  (over  90%)  and  50%  of  breast  cancers  [22-25].  The 
DC  were  generated  from  healthy  donors  that  were 
HLA.A2  matched  with  the  patients.  The  results  showed 
that  E39  specific  CTL  could  be  easily  generated  from  TAL 
from  patients  with  advanced  disease.  These  peptide  E39 
stimulated  TAL  recognized  autologous  tumors.  DC-E39 
stumulation  lead  to  expansion  of  certain  clones  from  the 
TAL  population  as  illustrated  by  the  preferential  increase 
in  population  of  CD8+  cells  expressing  certain  TCR  VB 
families. 

This  increase  was  not  due  to  allo-stimulation  since  TAL 
from  the  same  patient  stimulated  with  the  same  DC  in  the 
same  experiment  but  in  the  absence  of  E39  failed  to  induce 
E39-specific  CTL  and  specific  increase  of  the  same  TCR 
VB  familes.  These  findings  may  be  significant  for 
therpeutic  approaches  for  ovarian  and  breast  cancer 
patients  with  advanced  disease.  This  may  be  useful  for  in 


vitro  immunization  and  expansion  of  CTL  of  desired 
specificity  followed  by  adoptive  immunotherapy. 

Materials  and  Methods 

Cytokines.  The  following  cytokines  were  used  in  this  study:  GM-CSF 
(Immunex  Corp.,  Seattle),  specific  activity  12.5  x  107  CFU/250mg,  IL-4 
(Biosource  International),  specific  activity  2  x  106  U/mg,  IL-2  (Cetus, 
Emeryville,  CA),  specific  activity  4  x  106  BRMP  U/mg,  IL-15  (Genzyme, 
Cambridge,  MA),  specific  activity  2  x  106  U/mg. 

Synthetic  peptides.  Peptides  were  synthesized  in  the  Synthetic  Antigen 
Laboratory  of  U.T.  M.  D.  Anderson  Cancer  Center  using  solid  phase 
techniques  on  an  Applied  Biosystems  430  peptide  synthesizer  (Applied 
Biosystem,  Foster  City,  CA).  Identity  and  purity  of  final  material  were 
established  by  amino  acid  analysis  and  analytical  reverse  phase  HPLC 
(Rainin).  All  peptides  utilized  in  this  study  were  between  92-95%  pure. 
Two  FBP  peptides  were  selected  for  synthesis  based  on  the  presence  of 
leucine,  isoleucine  or  valine  in  the  dominant  anchors  position.  As  their 
previously  reported  recognition  by  TAL  the  peptides  position  and 
sequence  are  as  follows:  E39  (FBP,  191-199)  EIWTHSYKV;  E41  (FBP, 
245-253)  LLSLALMLL.  Both  peptides  are  low  to  moderate  binders  to 
HLA-A2  [21]. 

Cells.  For  induction  of  dendritic  cells  in  the  presence  of  cytokines  GM- 
CSF  and  IL-4,  HLA.2+  PBMC  were  obtained  from  healthy  donors  from 
the  Blood  Bank  of  M.D.  Anderson  Cancer  Center.  For  generation  of  DC 
by  the  CD14  method,  PBMC  were  distributed  in  24  well  plates  at  4  x  106 
cells/well  in  RPMI  1640  medium.  After  2  h  of  incubation,  the  non¬ 
adherent  cells  were  removed.  Complete  RPMI  medium  containing  1000 
U/mL  GM-CSF  and  500  IU/mL  IL-4  was  added  to  each  well  and  the 
adherent  cells  were  cultured  for  5-7  days,  while  they  developed  the  DC 
characteristic  morphology. 

Tumor  Associated  Lymphocyte  Cultures.  TAL  were  isolated  from  fresh 
collections  of  malignant  ascites  and  pleural  effusions  from  4  ovarian  and 
2  breast  cancer  patients  from  the  departments  of  Gynecologic  Oncology 
and  Breast  Medical  Oncology  at  U.  T.  M.  D.  Anderson  Cancer  Center 
under  the  approval  of  the  Institutional  Review  Board.  Specimens  were 
processed  as  we  described  [26].  The  suspensions  of  the  lymphocytes  and 
tumor  cells  were  separated  by  centrifugation  over  discontinuous  75% 
and  100%  Ficoll-Histopaque  (Sigma,  St.  Louis,  MO)  gradients.  Freshly 
isolated  TAL  were  cultured  in  RPMI  1640  containing  100  (g/ml  L- 
glutamine  (Gibco,  Grand  Island,  NY)  supplemented  with  10%  FCS 
(Sigma),  40  (g/mL  gentamicin  (complete  RPMI  medium),  and  50  to  100 
IU/mL  IL-2  (Cetus,  Emeryville,  CA).  TAL  were  cultured  at  0.5  to  1.0  x 
106  cells/mL,  placed  in  a  humidified  incubator  at  37 °C  in  5%  CO2  and 
maintained  at  this  concentration  with  the  addition  of  media  and  IL-2 
every  2  to  3  days,  depending  on  the  growth  kinetics. 

T  cell  stimulation  by  peptide  pulsed  DC.  DC  were  washed  three  times  with 
serum  free  medium,  plated  at  1.2  x  105  cell/well  in  24-well  culture  plates 
and  pulsed  with  FBP  peptide,  E39,  at  100  jug  /ml  in  serum  free  medium 
for  4  hours  before  addition  of  responders  as  described  [27].  These  DC 
were  designated  as  DC-E39.  Paralled  control  DC  cultures  were 
established  and  maintained  in  the  exact  same  manner  except  for  the 
omission  of  FBP  peptide  (designated  DC-NP).  The  responder  TAL  in 
complete  RPMI  medium  were  added  to  DC  at  3  x  106  cells/well 
(stimulator  :  responder  ratio  of  1:25).  16  hours  later  IL-2  was  added  to 
each  well  at  a  final  concentration  of  30IU/ml  and  the  cultures  were  left 
undisturbed  for  the  following  5  days  when  CTL  activity  was  determined. 

Tumor  targets.  The  FBP -I-  ovarian  SKOV3  line  was  transfected  with  the 
HLA-A2  expression  vector  RSV.5-neo  with  resulting  high  levels  of 
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HLA-A2  expression  (SKOV3.  A2)  as  previously  described  [26]  and 
maintained  in  complete  RPMI  medium  and  250  |ig/mL  G418  (Sigma). 
Fresh  tumors  were  collected  from  the  malignant  ascites  after  Ficoll 
separation  and  frozen  in  aliquots  in  liquid  nitrogen  until  used. 

Phenotype  Analysis.  The  HLA-A2  status  of  the  TAL  lines  and  tumor  cell 
lines  was  determined  by  indirect  staining  with  anti  HLA-A2  mAb  BB7.2 
(ATCC)  followed  by  incubation  with  goat  anti-mouse  mAb  conjugated 
with  FITC  (Becton  Dickinson,  Mountain  View,  CA)  and  analyzed  on  a 
Coulter  Epics  C  Cytometer  (Coulter  Electronic,  Hileah,  FL).  FBP 
expression  was  analyzed  using  the  Movl8  mAb  generously  donated  by 
Centocor  (Malvern,  PA). 

Flow  cytometry  for  TCR  Vfi  expression.  TAL  were  stained  with  fluorescein 
and  phycoerythrin-conjugated  mAb  specific  for  the  TCR  VB  families. 
The  following  mAbs  were  purchased  from  Pharmingen  (San  Diego,  CA) 
and  Endogen  (Wolburn,  MA).  VB3.1,  VB5a,  V66.7,  V68a,  V69,  VB12, 
VB13,  VB17,  VB23.  The  normal  mouse  IgGl  and  IgG2a  of  Ig  isotype 
were  used  as  isotype  controls.  Two-color  flow  cytometry  CD8:TCR  VB 
was  performed  using  a  FACScan  (Becton-Dickinson)  as  described  [28]. 
Since  there  are  more  than  20  VB  families,  the  average  percent 
expression  of  each  TCR  VB  family  should  be  in  the  range  of  4-5%.  We 
considered  a  significant  increase  in  the  percent  VB  for  each  family  when 
the  difference  between  percent  VB  of  DC-E39  stimulated  and  DC-NP 
stimulated  was  higher  than  5-10%. 

Cytotoxicity  assays.  Recognition  of  peptides  used  as  immunogens  was 
performed  by  standard  chromium  release  CTL  assay  as  described 
[26,29].  T2  or  tumor  targets  were  labeled  with  200  pCi  of  sodium 
chromate  (Amersham,  Arlington  Heights,  IL)  for  1.5  hrs  at  37  °C, 
washed  twice  and  plated  at  3000  cells/well  in  100  pi  in  96  well  V-bottom 
plates  (Costar,  Cambridge,  MA).  Effectors  were  added  at  designated 
effector :  target  (E:T)  ratios  in  100  pl/well.  After  5  h  of  incubation,  100  pi 
of  culture  supernatant  was  collected,  and  51Cr  release  was  measured  on 
a  gamma  counter  (Gamma  5500B,  Beckman,  Fullerton,  CA).  All 
determinations  were  done  in  quadruplicate.  The  results  are  expressed  as 
percent  specific  lysis  as  determined  by  the  equation  :  (experimental 
mean  cpm  -  spontaneous  mean  cpm)  /  (total  mean  cpm  -  spontaneous 
mean  cpm)  x  100.  For  peptide-pulsed  cytotoxicity  assays,  the  T2  cells 
were  labeled  as  above,  washed,  and  then  incubated  either  with  PBS  (T2- 
NP)  or  With  peptides  (DC-E39)  for  1 .5  hr  at  37  C  before  standard  CTL 
assays  were  performed. 

Monoclonal  antibody  blocking  assay.  Effectors  were  incubated  with  anti- 
V  beta  mAbs  VB3.1,  VB5a,  VB6.7,  VB8a,  VB9,  VB12,  VB13,  VB17,  VB23. 
(50  pL  of  1:50  dilution  of  culture  supernatant/well)  for  30  minutes  at 
37  °C  before  being  added  to  the  standard  CTL  assays  then  the  assays 
were  performed  as  described  above. 

Cold  target  inhibition  assays.  Unlabeled  T2  were  incubated  with  E39  for 
1.5  hr,  then  added  to  standard  CTL  assays  with  chromium-labeled  tumor 
targets  and  effectors.  The  cold  :  hot  target  ratios  were  10:1  and  20:1.  The 
T2-NP  were  used  as  a  control. 

Results 

Patients  characteristics.  Four  ovarian  and  two  breast  cancer 
patients  were  selected  for  this  study.  The  ovarian  TAL 
(OTAL)  and  breast  TAL  (BTAL)  were  isolated  from 
malignant  ascites  and  pleural  effusion  specimens.  They  were 
all  found  to  be  HLA.A2+  and  the  CD8+cells  in  these  ascites 
ranged  between  20-40%.  The  patients  ages  ranged  between 
45  to  63  years,  and  the  stages  of  diseases  were  all  far 


Table  I.  The  clinical  characteristics  of  the  patients. 


Ovarian  cancer 

Pt.l  Pt.2  Pt.3 

Pt.4 

Breast  cancer 

Pt.l 

Pt.2 

Stage  : 

IIIc 

IIIc 

IIIc 

IIIc 

II  lb 

Ilia 

Age  : 

52 

50 

45 

47 

63 

56 

Histology  : 

AC 

PSA 

AC 

PSA 

IDC 

IDC 

Grade  : 

III 

III 

III 

III 

III 

III 

1st  Tx  : 

TRS 

TRS 

TRS+BSO 

TAH+BSO  MRM 

RM 

2ndTx  : 

PC 

PC 

PC 

PAC 

Taxol  CMF+CAP 

Other  Fx  : 

ER+,PR+ 

BrestCa 

ER+,PR+ 

Prognosis  : 

Poor 

Poor 

Fair 

Poor 

Poor 

Poor 

AC,  adenocarcinoma;  PSA,  papillary  serous  adenocarcinoma;  IDC, 
infiltrating  ductal  carcinoma;  TRS,  tumor  reductive  surgery;  TAH  + 
BSO,  total  abdominal  hysterectomy  +  bilateral  salpingooophorectomy; 
MRM, modified  radical  mastectomy;  RM,  radical  mastectomy;  PC, 
carboplatin  +  taxol;  PAC,  carboplatin  +  adriamycin  +  cytoxan;  CMF, 
cytoxan  +  methotrexate  +  5-FU;  CAP,  Cytoxan  +  adriamycin  + 
cisplatin 


advanced.  According  to  cell  types,  all  six  patients  had  highly 
differentiated  cell  grade,  and  for  the  histology,  two  ovarian 
cancer  were  adenocarconoma,  two  were  papillary  serous 
cystadenocarcinomas  and  two  breast  cancers  were  infiltrating 
ductal  carcinomas.  They  all  received  primary  cytoreductive 
surgery  follwed  by  adjuvant  chemotherapies.  The  survival 
period  for  the  study  subjects  ranged  from  22-69  months  for 
the  ovarian  cancer  and  12-38  months  for  the  breast  cancers 
from  the  diagnosis  of  disease  to  study  initiation.  A  brief 
description  of  patients  chracteristics  is  summarized  in  Table  I. 

Freshly  cultured  ovarian  TAL  recognize  FBP  peptide  E39  after 
stimulation  with  DC-E39.  Freshly  isolated  TAL  cultured  in 
media  containing  IL-2  express  either  low  levels  of  Ag  specific 
cytotoxicity  or  high  non-specific  lytic  activity  during  the  first 
7-10  days  of  culture.  Although  the  non-specific  cytolytic 
activity  decreases  over  time,  it  is  important  to  identify 
approaches  to  enhance  specific  CTL  activity  early  and  rapidly. 
This  study  has  focussed  on  TAL  samples  which  showed  either 
low  levels  of  specific  recognition  of  E39  or  E39  recognition 
was  non-specific  compared  with  T2-NP.  Representative 
results  for  all  samples  are  shown  in  Figure  1A.  To  examine 
the  specific  recognition  of  FBP  peptides,  we  cultured  isolated 
OTAL1  in  IL-2  without  specific  stimulation  for  1  week.  Then 
the  OTAL1  was  tested  at  two  different  E:T  ratios  in  5-h 
chromium  release  assays  for  recognition  of  peptides  E39  and 
E41  presented  by  T2  cells.  As  demonstrated  in  Figure  1  A,  the 
results  showed  preferential  recognition  of  E39  over  E41. 
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DC  PHENOTYPE 


Figure  (1A).  Freshly  cultured  ovarian  TALI  recognize  FBP  peptide  E39.  Fresh  isolated  TAL  cultured  in  IL-2  expressed  high  levels  of  non-specific  Ag 
cytotoxicity.  The  5-h  Cr  release  assays  for  the  recognition  of  peptides  E39  and  E41  cells  showed  preferential  recognition  of  E39  over  E41.  Experimental 
detads  are  presented  in  the  material  and  methods  section.  ( IB),  Cell  suiface  phenotype  of  DC  generated  after  GM-CSF  +  IL-4  cultured.  PBMC  derived  DC 
express  high  levels  of  MHC-f  MHC-II  and  CD86  (B7.2)  but  low  levels  of  B7.1  (CD80)  and  CD40.  The  CD  14+  cells  were  less  than  3%  of  DC,  while  the 
CD  13+  marker  was  expressed  on  more  than  97%.  Parentheses  (  )  indicate  the  percent  positive  cells. 


However  OTAL1  showed  significantly  higher  recognition  of 
DC-NP  compared  with  DC-E39,  suggesting  a  high  percentage 
of  non-specific  or  cross  reactive  lytic  effectors. 

To  determine  whether  the  E39  specificity  can  be  induced 
or  enhanced,  we  used  as  APC  HLA.A2+  matched  dendritic 
cells  (DCs)  from  healthy  donors.  The  phenotype  of  DC 
generated  after  GM-CSF  +  IL-4  is  shown  in  Figure  IB.  They 
expressed  high  levels  of  MHC-I  and  CD86  (B7.2)  but  low 
levels  of  B7.1  and  CD40.  The  CD14+  cells  were  less  than  3% 
of  DC,  while  the  CD13+  marker  was  expressed  on  more  than 
97%  cells.  This  phenotype  is  characteristic  of  immature  DC. 
We  pulsed  DCs  with  the  peptide  E39  and  then  used  DC-E39 
to  stimulate  the  OTAL.  Since  the  responders  and  stimulators 
were  from  different  individuals  which  shared  only  HLA.  A2,  a 
certain  level  of  allo-specific  and/or  cross-reactive  specificity 
was  expected.  Therefore,  in  all  experiments,  the  OTAL  and 
BTAL  were  stimulated  in  paralled  with  DC-NP.  The  parallel 
stimulations  with  DC-NP  and  DC-E39  were  done  to 
established  the  contribution  of  allospecific  responses  to  the 
overall  increase  in  lytic  activity.  Furthermore,  if  high  affinity 
E39-specific  CTL  were  present  and  deleted  by  DC-E39 
stimulation,  they  would  have  been  detected  in  the  DC-NP 
stimulated  cultures. 

In  most  TAL  the  E39  specificity  was  induced  at  the  first 
stimulation.  When  increased  E39  specific  recognition  was  not 
induced  at  the  first  DC-E39  stimulation,  it  was  induced  at 
restimulation.  For  example,  at  the  first  stimulation  with  DC- 


E39,  the  specific  lysis  of  DC-NP  vs  DC-E39  by  OTAL2  were 
13.2%  vs  15.1%  respectively  (Figure  2A).  When  we 
restimulated  the  same  OTAL2  with  DC-E39  again,  for  1 
more  week,  we  observed  a  significant  increase  in  DC-E39 
recognition  compared  to  DC-NP  :  25.7%  vs  15.3%,  (p  < 
0.0002)  (Figure  2B). 

Increased  CTL-mediated  Cytotoxicity  of  FBP  peptide  E39 
stimulated  TAL.  E39  (FBP,  191-199)  appears  to  be  the 
immunodominant  FBP  epitope.  CTL  assays  were  performed 
to  determine  whether  the  DC-E39  stimulation  increased  the 
levels  of  recognition  of  the  stimulating  antigen.  To  address 
this  question,  we  used  E39  pulsed  T2  as  targets.  The  CTL 
assays  were  performed  with  four  ovarian  and  two  breast  TAL 
as  effectors  at  an  E:T  ratio  of  20:1.  The  results  demonstrate 
that  after  DC-E39  stimulation  all  four  ovarian  TAL  and  one 
of  two  breast  TAL  showed  specific  recognition  of  E39 
compared  to  DC-NP,  (Figure  3A).  OTAL1  and  OTAL3 
showed  highest  specific  lysis  compared  to  control,  73.6%  and 
29.6%  respectively,  followed  by  OTAL2  and  OTAL4  as 
25.7%  and  41.8%  respectively.  These  differences  were  all 
statistically  significant  compared  to  controls,  (p  <  0.05). 
These  results  also  demonstrate  that  stimulation  with  DC-E39 
resulted  in  the  highest  levels  of  cytotoxicity  against  E39  in 
OTAL  but  not  in  BTAL.  Control  stimulation  with  DC-NP, 
representive  of  allo-stimulation  alone  did  not  induce  or 
enhance  the  specific  recognition  of  E39  (Figure  3B).  This  is 
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DC-NP  DC-E39  DC-NP  DC-E39 


STIMULATORS 


STIMULATORS 


Figure  2(A,B).  Induction  of  E39  specificity  in  the  ovarian  TAL2  require  restimulation  with  DC-E39.  Figure  (2A),  in  most  TAL  the  E39  specificity  was 
induced  at  the  first  stimulation.  OTAL2  required  restimulation  as  shown  here.  At  first  stimulation,  the  specific  lysis  of  OTAL2  stimulated  with  DC-N  vs 
DC-E39  were  1  ?  2%  w  15. 1%  respectively.  Figure  (2B),  when  we  restimulated  OTAL2  with  DC-E39  again  after  one  more  week,  we  observed  a  significant 
increase  in  E39 recognition  by  DC-E39  stimulated  OTAL2  compared  to  DC-NP,  25. 7%  vs  15.3%.  (p  <  0.0002),  (Figure  2B). 


equally  true  for  both  TAL  where  the  E39  specificity  was 
present  (OTAL1,  BTAL2)  or  abscent.  These  results  together 
with  the  results  in  Figure  3A  demonstrate  the  induction  of 
E39  specific  CTL-TAL  recognition  by  Ag  stimulation.  These 
results  are  summarized  in  Table  II.  Our  results  also 
demonstrate  that  E39  specific  CTL  were  consistently  induced 
in  ovarian  TAL  but  not  in  the  breast  TAL. 

T  Cell  receptor  Vfi  expression  of  TAL  stimulated  with  FBP 
peptide  E39  pulsed  DC.  We  wanted  to  investgate  whether  DC- 
E39  stimulation  induced  specific  changes  in  the  TCR  VB 
expression.  This  was  achieved  by  comparing  specific  TCR  VB 
expression  in  DC-E39  versus  DC-NP  stimulated  TAL.  To 
determine  the  TCR  VB  expression  in  TAL  isolated  from  the 
ovarian  and  breast  cancer  patients,  we  used  monoclonal 
antibodies  (mAb)  to  stain  for  9  different  TCR  VB  families, 
VB3.1,  VB5a,  VB6.7,  VB8a,  VB9,  VB12,  VB13  and  VB23.  After 
5  days  stimulation  with  DC-E39  and  DC-NP,  two  color 
FACScan  analysis  was  performed  for  CD8  and  VB  expression. 
In  this  part  of  the  study,  we  investigated  the  expression  of 
various  TCR  VB  families  in  TAL  populations  from  distinct 
patients  stimulated  with  DC-E39.  Complete  results  for  TCR 
VB  expression  by  OVTAL1  are  shown  in  Figure  4.  Among  the 
9  different  TCR  VB  families  tested,  we  found  that  the 
expression  of  levels  of  only  two  VB  families  was  significantly 
higher  (by  more  than  5%  increase)  than  the  one  induced  by 
DC-NP.  These  families  were  V69  and  VB13.  The  expression 
of  other  VB  families  (VB3.1,  VB5a,  VB8a,  V817  and  V823) 


Table  II.  The  E39  reactivity  CTL  response  according  to  TCR  Vfi  expression 
on  TAL  from  ovarian  and  breast  cancer  patients. 


Specific  E39  reactivity 

Before 

After 

Increased 

Ovarian  TAL 

Patient  1 

+ 

+ 

t 

Patient  2 

- 

+ 

t 

Patient  3 

- 

+ 

t 

Patient  4 

- 

+ 

t 

Breast  TAL 

Patient  1 

- 

+ 

T 

Patient  2 

+ 

- 

- 

showed  some  increase  (by  less  than  5%  VB  expression)  than 
the  corresponding  VB  expression  in  the  DC-NP  stimulated 
cultures.  The  expression  levels  of  VB  (6.7  and  VB12  did  not 
changed.  Comparative  results  for  six  TCR  VB  families  are 
shown  in  Figure  5A.B.  The  results  show  significant  (>  5%) 
increase  in  TCR  VB9;  VB13,  and  VB17  in  OVTAL  stimulated 
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Figure  3.  Increased  CTL-mediated  recognition  of  peptide  E39  by  DC-E39 
stimulated  TAL.  The  CTL  assays  were  performed  with  four  ovarian  and 
two  breast  TAL  as  effectors  at  an  E:T ratio  of  20:1  ( Figure  3A).  After  DC- 
E39  stimulation  all  4  OTAL  and  1  of  2  BTAL  showed  specific  recognition 
of  E39  compared  to  DC-NP.  The  %  specific  lysis  are  OTALI  73.6%, 
OTAL2  25. 7%,  OTA L3  29.6%,  OTAL4  41.8%  and  BTAL  1  31.9%.  These 
difference  are  statistically  significant,  (p  <  0.05)  Figure  3B.  Control 
stimulation  of  ovarian  and  breast  TAL  with  DC-NP  did  not  enhance  the 
specific  recognition  ofE39. 


with  DC-E39  (Figure  5B)  compared  with  the  same  TAL 
cultured  and  stimulated  by  DC-NP  (Figure  5A).  Since  each  of 
these  families  was  expressed  at  levels  which  ranged  between 
4-8%,  the  increase  observed  was  suggestive  that  the  levels  of 
particular  V6  families  increased  by  80-100%.  Therefore,  DC- 
E39  significantly  enhanced  the  TCR  VI3  expression  of  certain 
families  suggesting  that  the  increase  is  due  to  antigen 
stimulation. 

There  were  also  differences  in  the  expression  pattern  of 
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Figure  4.  TCR  Vfi  expression  of  OTALI  stimulated  with  DC-E39.  Among 
the  9  different  TCR  V(  families  tested,  we  found  that  the  expression  of  levels 
of  only  two  Vfi  families,  Vfi9  and  Vfil3  was  significantly  higher  (by  more 
than  5%  increase )  than  the  one  induced  by  DC-NP.  The  expression  of  other 
Vfi  families,  Vfi3.1,  Vfi5a,  Vj 68a,  Vfi  17  and  Vfi23  showed  some  increase  (by 
less  than  5%)  than  the  coiresponding  Vfi  expression  in  the  DC-NP 
stimulated  culture. 


TCR  VB  families  in  BTAL  compared  to  OTAL.  The  VB17 
and  VB  23  families  were  elevated  in  the  BTAL1  after  DC-E39 
stimulation  compared  to  control,  DC-NP  stimulated  BTAL1, 
(Figure  5C).  Thus  the  ovarian  and  breast  TAL  stimulated 
with  DC-E39,  shared  the  specific  increase  in  VB17,  but  the 
other  dominant  familes  were  different:  VB9  and  VB13  in 
OTAL  versus  VB23  in  BTAL.  These  results  suggests  that  E39 
stimulated  CTL  recognition  of  the  epitope  formed  by  E39- 
HLA.  A2  involves  TCR  elements  which  are  shared  by  only 
certain  TCR  VB  families  but  not  by  others. 

The  specificity  of  TAL  recognition  of  the  FBP-derived  peptide 
E39.  To  confirm  the  involvement  of  the  cells  expressing  the 
dominant  TCR  VB  families,  in  specific  recognition  of  the 
HLA-A2/E39  peptide  complex  on  ovarian  cancer  cell  line. 
SKOV3.A2  by  CTL,  inhibition  assays  were  performed.  The 
anti-TCR  VB  antibodies  were  added  at  the  beginning  of 
incubation  of  a  standard  cytotoxicity  assay.  We  chose  the 
OTAL2  as  effector  in  the  inhibition  assay  because  of  the 
significant  increase  in  VB17  (shared  with  BTAL)  and  VB9 
(shared  with  OTALI).  We  hypothesized  that,  if  VB9  and 
VB17  TCR  on  CTL  are  involved  in  tumor  lysis,  adding  anti- 
TCR  VB9  and  VB17  antibodies  could  competitively  inhibit 
the  tumor  killing.  The  results  obtained  demonstrated 
successful  inhibition  of  tumor  lysis  of  specific  VB9  and  VB17 
mAb.  Inhibition  of  OTAL2  lysis  was  dependent  on  the 
concentration  of  the  anti-TCR  VB  antibodies  added.  The  anti 
VB9  and  VB17  effectively  inhibited  40-50%  of  the  tumor  lysis, 
(p  <  0.0002)  (Figure  6A).  In  contrast,  TCR  VB5  and  VB13 
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Figure  5.  Comparative  expression  of  six  TCR  Vfi  families  by  four  OTAL  (A,B)  and  two  BTAL  (C).  Significant  (>  5%)  increase  in  TCR  Vj 39,  Vfil3  and 
Vfil7  in  OTAL  stimulated  with  DC-E39  ( Figure  5B)  compared  with  the  same  TAL  cultured  in  the  same  conditions  and  stimulated  with  DC-NP  (Figure 
5A).  There  were  also  differences  in  the  expression  pattern  of  TCR  Vfi  families  in  BTAL  compared  to  OTAL.  The  Vfil7  and  V(23  families  were  elevated  in 
the  BTAL1  after  DC-E39  stimulation  compared  to  DC-NP  stimulation  (Figure  5C). 


antibodies  did  not  inhibit  CTL  lysis.  These  findings  suggest 
that  the  CTL  specific  for  this  epitope  expressing  TCR  VB9 
and  V617  antibodies  contribute  significantly  to  the 
recognition  of  this  ovarian  cancer  cell  line. 

To  confirm  that  the  peptide  stimulated  TAL  recognized  an 
endogenous  presented  epitope,  we  performed  cold-target 
inhibition  assays  using  autologous  tumor  as  target,  and  T2- 
E39  as  inhibitors.  The  results  show  that  DC-NP  stimulated 
OTAL2  lyse  only  marginaly  autologous  tumor.  In  contrast 
DC-E39  stimulated  OTAL2  exhibited  to  significantly  higher 
(2-3  fold)  levels  of  lysis  (p<  0.05).  This  lysis  was  inhibited  to 
the  levels  induced  in  the  DC-NP  by  T2-E39.  These  results 
indicate  that  DC-E39  stimulated  ovarian  TAL  recognize 
similar  epitope  with  E39  on  their  autologous  tumor  (Figure 
6B). 

Discussion 

In  the  present  study  we  investigated  whether  the  FBP  peptide 
E39  a  novel  tumor  antigen,  can  be  used  as  an  immunogen  for 
activation  of  ovarian  and  breast  CTL-TAL.  The  important 
function  of  TAL  is  to  lyse  tumor  cells.  If  E39  specific  CTL  are 
present  in  the  ovarian  TAL,  stimulated  CTL-TAL  can 
specifically  recognize  E39  and  lyse  experimental  tumors. 
However,  stimulation  and/or  restimulation  with  peptide 
pulsed  DC  may  also  induce  apoptosis  or  silencing  of  CTL  if 
appropriate  cytokines  are  absent.  For  this  reason  each  TAL 
was  stimulated  in  parallel  with  DC  pulsed  with  or  without  E39 
to  determine  whether  the  E39  specificity  decreased  or 
increased.  As  shown  in  Table  II,  we  found  that  in  five  out  of 
six  patients  E39  stimulation  resulted  in  increased  E39  specific 
CTL  reactivity.  It  was  interesting  to  note  that,  in  all  four  cases 
of  ovarian  TAL  there  was  an  increase  in  E39  specific  TAL. 


These  responses  were  obtained  in  3  out  of  4  ovarian  TAL  and 
1  out  of  2  breast  TAL  by  a  first  peptide  stimulation.  Only 
OTAL2  required  a  second  stimulation  with  DC  pulsed  with 
E39  to  elicit  E39  specific  cytotoxicity.  The  levels  of  increase  in 
E39  specificity  were  higher  in  OTAL1,  OTAL2,  and  OTAL3 
and  lower  in  OTAL4  and  BT AL1.  For  the  BTAL2  the  levels 
of  E39  recognition  in  fact  decreased,  suggesting  that  both 
activation  and  functional  silencing  are  possible. 

To  induce  this  E39-specific  CTL  activity  we  used  as  APC, 
DC  from  four  healthy  donors.  These  donors  were  HLA.A2 
matched  with  the  responders  and  randomly  selected  so 
preferential  bias  in  the  favor  of  inducing  one  phenotype  or 
another  could  be  ruled  out.  Of  interest,  although  high  levels 
of  allo-specific  responses  were  expected,  we  found  that  E39 
specificity  was  higher  then  the  allo-responses. 

Since  the  responders  and  stimulators  were  only  HLA.A2 
matched,  it  was  of  interest  to  determine  if  the  increase  the 
specific  lysis  correlated  with  the  increase  in  expression  of 
certain  VB  families.  Increased  representation  of  VB  families 
would  indicate  preferential  expansion  of  a  clone  or  group  of 
clones  expressing  the  same  TCR  family.  Furthermore  this 
increase  should  be  paralleled  by  a  decrease  in  other  families 
since  the  sum  of  VB  families  should  not  exceed  100%.  For 
this  reason  we  compared  the  %  VB  expression  in  E39  and  NP 
stimulated  TAL.  The  results  show  that,  of  nine  TCR  VB 
families  tested,  only  three:  VB9,  VB13,  and  VB17 
preferentially  increased  after  stimulation  with  DC-E39. 

TCR  components  that  contribute  to  ovarian  tumor 
recognition  by  CTL  have  been  studied  extensively  in  past 
several  years.  Most  studies  were  focused  on  the  phenotype 
analysis  of  isolated  and  cultured  ovarian  and  breast  TAL  with 
mixtures  of  CD8+  and  CD4+  cells  [10,  30,  31].  A  previous 
study  by  Fisk  et  al,  analyzed  the  TCR  VB  phenotype 
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repertoire  of  CD3+  CD8+  CD4"  CTL  reacting  with  ovarian 
tumors  [28].  They  found  significant  correlation  between 
percentage  of  TCR  VB  3  and  VB17  family  expression  and 
autologous  tumor  lysis  [28].  Peoples  and  collaborators  also 
demonstrated  that  the  presence  of  tumor  specific  CTL  in  the 
TAL  of  ovarian  cancer  patients.  These  CTL  recognized 
shared  Ags  in  an  HLA-A2  restricted  manner.  The  antitumor 
activity  was  mediated  by  tumor  specific  CTL  of  the  V62,  VB3 
and  VB  6  families.  VB  3  and  VB  6  recognized  TAA  that  are 
derived  from  the  HER2/neu  gene  and  presented  in  the 
context  of  HLA-A2  [32].  The  TAL  tested  in  previous  studies 
were  not  stimulated  with  Ag.  In  this  study,  we  reach  similar 
conclusions.  After  Ag  stimulation  overexpression  of  TCR  VB 
9  and  VB  17  correlated  with  the  increase  in  specific  tumor 
lysis. 

Many  immunological  studies  are  focused  on  ovarian  cancer 
aiming  to  idenfify  the  Ag  recognized  by  TAL  because  it 
provides  an  unique  model  for  the  study  of  the  immune 
response  to  epithelial  cancer.  Ovarian  cancer  has  distinct 
forms  of  tumor  growth  pattern.  It  grows  either  as  single  cells 
in  the  malignant  ascites  or  as  a  bulky  solid  mass.  In  either 
case,  the  tumor  specifically  induces  a  T  cell  response.  Tumor 
Ag  identification  in  ovarian  cancer  is  significant  and  for  other 
epithelial  tumors.  These  epithelial  tumors  share  common 
CTL  recognized  TAA  and  this  feature  lead  to  the 
development  of  TAA  specific  vaccines.  Previous  studies 
demonstrated  that,  the  endogenous  cellular  immune  response 
does  exist  in  a  variety  of  epithelial  cancers,  and  that  this 
response  involves  the  specific  recognition  of  antigenic 
peptides  presented  by  MHC-I.  Currently  the  established 
known  tumor  Ag  are  MUC-1  and  HER2.  MUC-1  expression 
is  increased  by  10-40  fold  in  breast  cancer  compared  to 
normal  cells.  HER2  has  been  shown  to  provide  endogenously 
recognized  antigenic  peptides  but  it  is  overexpressed  in  about 
30%  of  ovarian  and  breast  cancers.  Therefore  it  is  important 
to  find  potentially  widely  applicable  CTL  recognized  Ag  for 
the  development  of  epithelial  cancer  vaccines. 

FBP  was  identified  with  a  mAb  raised  against  the 
choriocarcinoma  cell  line  Lu-75c  and  independently  as  the  Ag 
recognized  by  the  MOV18  and  MOV19  mAb,  and  the  protein 
that  has  high  affinity  to  folate  [22-25].  Low  expression  of  FBP 
was  observed  in  some  specialized  epithelia,  such  as  choroid 
plexus,  lung,  thyroid,  kidney,  and  sweat  glands.  However  the 
highest  levels  of  FBP  overexpression  were  found  in  ovarian 
carcinoma.  More  than  90%  of  all  ovarian  carcinomas  tested 
showed  elevated  levels  of  this  protein.  The  elevated  levels  of 
FBP  are  as  high  as  80-90  folds  of  that  of  normal  tissue  [22-25]. 
Other  epithelial  tumors,  colorectal,  breast,  lung,  and  renal 
cell  carcinoma  have  been  also  shown  to  overexpress  the 
LK26/FBP  antigen  about  20-50%  [22-25].  The  variety  and 
widely  expressed  levels  of  FBP  in  various  epithelial  tumors 
makes  an  ideal  target  for  the  immunotherapy.  Inspite  of 
attempts  to  target  FBP  antibody  conjugates  and  antifolates 
the  clinical  results  have  been  minimal.  One  reason  for  the 
limited  efficiency  of  antibody  therapies  may  be  that  most 


Figure  6 A.  DC-E39  stimulated  TAL  expressing  V(17  recognize  ovarian 
tumors .  The  anti-TCR  Vfi  antibodies  were  added  at  the  beginning  of 
incubation  of  a  standard  cytotoxicity  assay.  We  choose  the  OTAL2  as 
effector  in  the  inhibition  assay  because  of  the  significant  increase  in  Vfi  17 
( shared  with  BTAL).  The  results  obtained  demonstrated  successful 
inhibition  of  tumor  lysis  by  specific  anti-V(17  inAb.  The  anti  Vfil7  inAb 
effectively  inhibited  40-50%  of  the  tumor  lysis,  (p  <  0.0002).  In  contrast, 
TCR  Vfi 5  and  Vfi  13  antibodies  did  not  inhibit  CTL  lysis.  Figure  (6B):  To 
confirm  that  the  peptide  stimulated  TAL  recognized  an  endogenous 
presented  epitope,  we  performed  cold-target  inhibition  assays  using 
autologous  tumor  as  target ,  and  T2-E39  as  inhibitors.  The  results  show  that 
DC-NP,  stimulated  OTAL2  did  lyse  only  marginal  autologous 
tumor,  (square  in  graph).  In  contrast  DC-E39  stimulated  OTAL2  exhibited 
significantly  higher  (2-3  fold)  levels  of  lysis  (p<  0.05),  (circle  in  graph). 
This  lysis  was  inhibited  to  the  levels  induced  in  the  DC-NP  by  T2-E39, 
(triangle  in  graph). 


antibodies  do  not  recognize  FBP  in  native  form,  and  that  FBP 
has  a  short  extracellular  domain  which  makes  the  access  of 
antibody/antifolates  difficult.  As  demonstrated  in  this  study,  if 
the  FBP  derived  peptide,  E39,  can  specifically  activate 
ovarian  cancer  associated  CTL  then  it  can  be  applied  to 
immunotherapeutic  strategies.  From  previous  studies,  we 
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know  that  adoptive  immunotherapy  can  reduce  tumor  size  in 
some  of  solid  tumors  such  as  melanoma  and  renal  cell 
carcinoma  [36-37],  and  it  can  prolong  the  survival  in  advanced 
ovarian  carcinoma  when  combined  with  conventional 
chemotherapy  [38].  These  results  were  obtained  with 
TIL/TAL.  Using  specific  CTL-TAL  directed  toward  known 
tumor  epitopes  such  as  FBP  derived  peptide,  E39,  we  may 
improve  the  results  appreciably.  The  FBP  appears  to  be  the 
next  candidate  for  the  use  as  a  target  for  the  cellular 
immunity. 
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ABSTRACT 

Identification  of  naturally  processed  peptides  recognized  by  tumor- 
specific  CTLs  may  lead  to  epitope-specific  tumor  vaccines.  Because  these 
epitopes  may  be  expressed  differently  on  epithelial  tumors  and  may  differ 
in  their  ability  to  induce  CTL  in  vivo,  we  have  isolated  the  HLA-A2- 
peptide  complexes  by  immunoaffinity  from  an  established  ovarian  tumor 
line  transfected  with  and  expressing  HLA-A2  gene.  High-performance 
liquid  chromatography-fractionated  peptides  were  used  to  reconstitute 
epitopes  recognized  on  HLA-A2  by  three  HLA-A2+  CD8+  CTL  lines. 
These  lines  recognized  at  least  three  of  the  same  groups  of  fractions 
(designated  SKOV3.A,  -B,  and  -C)  but  showed  differences  in  the  pattern 
of  recognition  of  other  fractions.  To  gain  insight  in  the  epitope  distribution 
by  freshly  isolated  ovarian  tumors,  we  compared  the  recognition  of  peaks 
SKOV3.B  and  -C  with  the  corresponding  peaks  from  an  ovarian  tumor 
(OVA-6)  that  expressed  similar  levels  of  HLA-A2,  using  one  of  these  lines 
(CTL-OVA-5)  as  indicator.  CTL-OVA-5  recognized  a  large  number  of 
epitopes  from  peaks  B  and  C  rechromatographed  on  more  resolving 
high-performance  liquid  chromatography  gradients.  Although  a  number 
of  peaks  appeared  to  be  coincident  on  both  SKOV3  and  OVA-6,  an  even 
higher  number  appeared  either  not  to  overlap  or  to  overlap  only  partially. 
These  findings,  which  represent  the  first  analysis  of  the  epitopes  presented 
by  a  patient  tumor,  suggest  that  the  use  of  tumor  line-derived  peptides  for 
vaccination  may  require  selection  of  the  epitopes  corresponding  to  the 
ones  presented  by  freshly  isolated  human  tumors. 

INTRODUCTION 

The  development  of  rational  immunotherapy  approaches  for  human 
cancers  will  depend  on  a  detailed  understanding  and  quantitation  of 
the  host  antitumor  responses.  These  responses  involve  recognition  by 
effector  CTLs  of  specific  epitopes  on  malignant  tissues  and  immuno¬ 
genic  epitopes,  i.e.,  peptides  that  can  induce  in  vitro  and  in  vivo 
antitumor  responses.  CTL  epitopes  are  short  peptides  (8-10  amino 
acids  long)  that  are  presented  on  the  cell  surface  by  MHC  class  I 
molecules  (1).  Because  peptides  of  distinct  sequences  can  be  distin¬ 
guished  by  their  physicochemical  characteristics  (2),  elution  under 
defined  pH  and  concentration  conditions  proffers  an  approach  to  map 
the  universe  of  epitopes  recognized  by  tumor-reactive  CTLs.  This 
may  allow  us  to  establish  which  peptides  (or  groups  of  peptides) 
correspond  to  common  dominant  epitopes  recognized  by  ex  vivo- 
induced  tumor-reactive  CTLs.  Due  to  T-cell  receptor  plasticity,  the 
common  epitopes  can  be  reconstituted  by  either  unique  or  cross¬ 
reactive  peptides  (3,  4).  Furthermore,  for  CTL  induction,  tumor  Ags2 
may  be  presented  to  T  cells  by  professional  Ag-presenting  cells  (5), 
which  can  process  particulate  Ags  for  MHC  class  I  presentation  (6,  7). 
Thus,  identification  of  the  natural  peptides  presented  in  association 
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with  MHC  molecules  on  human  tumors  should  be  important  in  the 
development  of  novel  approaches  for  tumor- specific  CTL  induction. 

To  date,  with  the  few  exceptions  of  melanoma  Ag,  gplOO,  and 
MART-1  (8-10),  there  is  limited  information  on  the  identity  and 
density  of  antigenic  peptides  and  CTL  epitopes  presented  by  human 
solid  tumors.  The  presence,  distribution,  and  density  of  these  epitopes 
on  freshly  isolated  epithelial  tumors  is  still  unknown.  Our  studies  as 
well  as  research  from  other  laboratories  have  shown  that  multiple 
epitopes  can  be  recognized  on  epithelial  tumors  (i.e.,  ovarian,  colon, 
pancreatic,  breast,  and  lung;  Refs.  11-13).  Because  acid-eluted  pep¬ 
tides  have  been  shown  to  be  immunogenic  by  inducing  antitumor 
immunity  to  established  model  tumors  (14, 15),  this  raises  the  need  for 
adequate  sources  of  tumor  epitopes  for  human  studies.  This  can  be 
accomplished  with  freshly  isolated  primary  tumors  only  rarely  be¬ 
cause  the  small  amount  of  peptides  recovered  preclude  peptide  se¬ 
quence  analysis.  An  approach  to  overcome  these  limitations  is  to  use 
ovarian  and  breast  tumor  lines  expressing  the  MHC  class  I  molecule 
of  interest  to  address  the  question  of  whether  the  patterns  of  epitope 
recognition  by  tumor-reactive  CTL  on  the  lines  and  freshly  isolated 
human  tumor  are  similar. 

To  address  these  questions,  we  have  investigated  the  identity  of 
epitopes  presented  by  HLA-A2  on  tumor  targets  recognized  by  HLA- 
A2+  CD8+  CD4~  CTL  lines  isolated  from  patients  with  ovarian 
cancer.  In  this  report,  we  characterized  the  pattern  of  CTL  epitopes 
extracted  from  a  freshly  isolated  ovarian  tumor  and  HPLC  separated 
by  two  consecutive  gradients  of  ACN,  and  we  identified  common  and 
distinct  epitopes  between  this  tumor  and  HLA-A2-bound  peptides 
fractionated  from  an  established  ovarian  tumor  line,  SKOV3.  Al¬ 
though  recognition  of  a  number  of  epitopes  defined  as  bioactive  peaks 
eluting  with  distinct  retention  times  appeared  to  correlate  with  the  cell 
number  used  and  the  levels  of  HLA-A2,  on  these  tumors  for  some 
common  epitopes  such  a  correlation  was  not  observed,  suggesting  that 
MHC  class  I  expression  is  not  the  only  determining  factor  in  tumor  Ag 
expression. 

MATERIALS  AND  METHODS 

Tumor  Cells  and  Cell  Lines.  The  following  human  tumor  lines  were  used 
in  these  experiments:  (a)  ovarian  tumor  line  SKOV3  (HLA-A3,  A28,  B18, 
B35,  and  Cw5)  stably  transfected  with  the  gene  for  HLA-A2  (16).  The  gene  for 
HLA-A2  was  provided  kindly  by  Dr.  William  E.  Biddison  (National  Institute 
of  Allergy  and  Infectious  Diseases,  NIH).  A  tumor  clone,  SKOV3.A2.1E4, 
expressing  high  levels  of  both  HER-2  and  HLA-A2,  has  been  designated  as 
1E4  and  was  selected  for  expansion  in  large  numbers  and  peptide  fractionation 
experiments;  and  (b)  C1R:A2  cells  (a  kind  gift  from  Dr.  Biddison),  which 
express  only  HLA-A2  on  the  surface,  stably  transfected  in  our  laboratory  with 
the  gene  encoding  for  the  HER-2  proto-oncogene  (plasmid  pCMV.HER-2 
encoding  a  full-length  HER-2. cDNA).  This  plasmid  was  a  kind  gift  of  Dr. 
Mien-Chie  Hung  (Department  of  Tumor  Biology,  M.  D.  Anderson  Cancer 
Center).  C1R.A2  cells  were  cotransfected  with  the  plasmid  SV2.Hygro  (Amer¬ 
ican  Type  Culture  Collection).  HLA-A2-transfected  SKOV3  and  C1R:A2  cells 
were  selected  with  250  jug/ml  G418  (Life  Technologies,  Inc.,  Gaithersburg, 
MD).  C1R.A2.HER-2  cells  were  also  selected  with  50  /xg/ml  of  hygromycin  B 
in  addition  to  G418.  This  concentration  was  found  to  result  in  the  death  of 
more  than  50%  of  untransfected  C1R:A2  cells  within  4  days  in  parallel 
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experiments.  After  selection  with  hygromycin  B,  C1R.A2.HER-2  cells  were 
cloned  by  stringent  limiting  dilution.  At  least  20  C1R.A2.HER-2  clones 
(designated  HER-2.A-T)  were  isolated,  expressing  variable  levels  of  HER-2 
receptor  on  their  surface.  A  clone  of  C1R:A2. HER-2  cells  designated  here  as 
HER-2. J  was  selected  for  additional  studies. 

Ovarian  tumor  cells  were  collected  from  the  ascitic  fluid  of  a  patient  with 
epithelial  ovarian  cancer  and  separated  from  debris  and  lymphocytes  by 
centrifugation  over  two  gradients  of  Ficoll  as  we  have  described  previously 
(17,  18).  They  were  HLA-A2+  and  expressed  high  levels  of  HER-2  (HER-2hi). 
These  tumor  cells  were  designated  as  OVA-6. 

Effector  CTL  Lines.  T-cell  lines  from  TALs  were  grown  in  RPMI  1640 
medium  containing  10%  FCS  and  supplemented  with  2  mM  L-glutamine,  and 
100  jULg/ml  gentamycin  (complete  RPMI  medium)  and  50-100  units/ml  of  IL-2 
(Cetus).  Most  effectors  expanded,  because  T-cell  lines  contained  >95%  CD3+ 
cells  and  variable  proportions  of  CD8  +  and  CD4+  cells.  For  these  experiments, 
CD8+  cells  were  selected  on  mAb-coated  plates  as  we  described  (16).  The 
resulting  cells  were  >95%  CD3+  CD8+  cells.  Effector  CTL-3  used  in  these 
studies  has  been  reported  previously  (16).  CTL-4  and  CTL-5  were  also 
obtained  from  TALs  from  other  patients  with  adenocarcinoma  of  the  ovary. 
The  corresponding  tumors  were  HLA-A2+  and  overexpressed  HER-2 
(HER-2hi). 

Immunofluorescence.  Target  cells  were  tested  in  fluorescence  experi¬ 
ments  to  confirm  the  expression  of  HLA-A2,  MHC  class  I,  and  HER-2,  as 
described  previously  (15).  Hybridomas  secreting  mAbs  BB7.2,  MA2.1,  and 
GAR-3  (HLA-A3  specific)  were  obtained  from  American  Type  Culture  Col¬ 
lection.  In  brief,  OVA-6,  SKOV3,  and  HER-2.J  cells  were  incubated  with  mAb 
specific  for  MHC  class  I  and  mAb  Ab2  specific  for  the  extracellular  domain  of 
HER-2  (Oncogene  Science)  followed  by  FITC-conjugated  goat  antimouse  IgG. 
Surface  Ag  expression  was  determined  by  fluorescence-activated  cell  sorting 
using  a  FACScan  (Becton  Dickinson)  with  a  log  amplifier.  CD3,  CD4,  and 
CD8  Ag  expression  on  the  effectors  was  determined  by  immunofluorescence 
with  corresponding  mAb.  C1R.A2  clones  were  designated  as  HER-2hi  when 
MCF  for  HER-2  expression  was  >40.  Expression  of  CD18,  CDlla  (leuko- 
tactic  factor  activity  1),  CD54  (intercellular  adhesion  molecule  1),  and  CD58 
(leukotactic  factor  activity  3)  was  also  tested  the  corresponding  antibodies 
(Becton  Dickinson). 

Tumor  Peptide  Extraction.  SKOV3.A2.1E4  cells  were  grown  in  10- 
chamber  cell  factories  (Nunc,  Thousand  Oaks,  CA)  in  complete  RPMI  me¬ 
dium.  Between  1.0  and  1.5  X  109  cells  were  obtained  from  one  cell  factory. 
For  these  studies,  at  least  1010  cells  of  the  SKOV3.A2.1E4  cloned  line  were 
grown  in  batches  of  1 .5-2.0  X  109  cells.  Cells  were  collected  and  washed  three 
times  with  cold  PBS.  Furthermore,  cells  were  lysed  using  the  buffer  described 
previously  by  Slingluff  et  al  (19)  containing  protease  inhibitors  (aprotinin, 
leupeptin,  pepstatin,  phenylmethylsulfonyl  fluoride,  and  iodacetamide),  in 
PBS,  with  the  difference  that  3-[(3-cholamidopropyl)dimethylamino]-l-pro- 
panesulfate  0.5%  was  used  as  a  lysing  agent  to  minimize  binding  to  Cl 8 
columns.3  This  solution  is  designated  here  as  lysis  buffer.  MgCI2  at  6  mM  and 
glycerol  at  a  20%  final  concentration  were  included  in  the  lysis  buffer  to 
minimize  the  denaturation  of  extracted  proteins.  Detergent-solubilized  extracts 
of  SKOV3.A2  and  OVA-6  cells  were  obtained  after  centrifugation  at 
40,000  X  g  for  2  h.  HLA-A2.1  was  isolated  from  the  supernatant  obtained 
from  SKOV3.A2  cells  by  affinity  chromatography  on  protein  A-Sepharose 
prebound  with  mAb  BB7.2  as  described  (19),  except  that  the  cell  extracts  were 
preabsorbed  on  protein-A  Sepharose  (Sigma  Chemical  Co.,  St.  Louis,  MO)  to 
minimize  nonspecific  binding.  The  affinity  column  was  washed  with  PBS 
containing  0.25  M  NaCl  with  monitoring  of  the  absorbance  (A2|onrTi)  (for 
peptide  bond)  and  then  eluted  with  0.2  M  acetic  acid  in  1.0-ml  fractions. 
Fractions  containing  material  absorbing  at  210  nm  were  boiled  for  5  min  to 
allow  dissociation  of  peptides  from  HLA-A2,  centrifuged  through  an  Ultrafree 
CL  unit  (3-kDa  cutoff)  (Millipore),  and  lyophilized.  Peptides  with  masses  <3 
kDa  were  pooled,  lyophilized,  and  separated  by  reverse-phase  HPLC.  This 
approach  yields  primarily  HLA-A2-bound  peptides  and  to  a  much  lesser  extent 
peptides  associated  with  other  MHC  class  I  molecules. 

Because  freshly  isolated  ovarian  tumors  are  unique  specimens  and  the 
corresponding  MHC-class  I  associated  peptides  are  important  for  identification 
of  epitopes  presented  by  other  HLA  molecules,  peptides  were  extracted  from 


3  V.  Engelhard,  personal  communication. 


OVA-6  centrifuged  lysates  with  0.1%  TFA  following  the  approaches*  of 
Tsomides  et  al.  (20)  and  Sykulev  et  al.  (21).  This  approach  has  the  advantage 
of  eluting  peptides  with  affinity  high  for  MHC  class  I.  Peptides  of  mass  of  3 
kDa  or  less  were  isolated  by  centrifugation  through  filters  with  a  cutoff  of  3 
kDa,  lyophilized,  and  separated  by  HPLC. 

Fractionation  of  HLA-A2-bound  Peptides.  Tumor  peptides  extracted 
from  HLA-A2.1  molecules  of  SKOV3.A2  cells  were  separated  in  the  first 
dimension  on  a  Brownlee  C18  Aquapore  column  of  2.1  X  30  mm  [pore  size, 
300  A;  particle  size,  7  jam  (Applied  Biosystems,  Perkin-Elmer  Corp.)]  and 
eluted  with  a  60-min  gradient  of  0-60%  (v/v)  ACN  (Sigma  Chemical  Com¬ 
pany,  St.  Louis,  MO)  in  0.1%  TFA  (Sigma  Chemical  Company,  St.  Louis, 
MO)  at  a  flow  rate  of  200  /xl/min  using  HPLC  system  model  1090  (Applied 
Biosystems).  HER-2  peptides  E75  (369-377),  C85  (971-979),  E90  (789-797), 
and  E89  (851-859)  identified  in  the  previous  studies  to  be  recognized  by 
ovarian  CTL-3  line  were  separated  under  the  same  conditions.  Their  Rts  were 
determined,  and  their  resolution  by  these  HPLC  conditions  was  established. 

For  the  second-dimension  HPLC  separation,  fractions  from  the  first  dimen¬ 
sion,  including  the  peaks  of  CTL  activity,  were  pooled  in  two  groups,  B 
(fractions  27-33)  and  C  (fractions  37-45).  Each  group  was  lyophilized  and 
reconstituted  in  the  elution  buffer  corresponding  to  the  gradient  used  in  the 
second  dimension  (described  below).  Then,  peptides  were  injected  into  a 
Brownlee  Cl 8  Aquapore  column  of  2.1  X  220  mm,  (300  A;  7  jam)  and  eluted 
with  shallower  ACN  gradients.  The  flow  rate  was  200  jal/min,  and  fractions 
were  collected  at  1-min  intervals.  Peak  B  (fractions  27-33)  were  separated 
with  a  gradient  of  0.1%  TFA  in  H20  for  0-5  min,  followed  by  0.1%  TFA  in 
0-20%  ACN  (2%/min)  for  6-15  min,  0.1%  TFA  in  20-40%  ACN  (0.5% 
increment/min)  for  16-55  min,  and  0.1%  TFA  in  40%  ACN  (designated  as 
gradient  II)  for  56-60  min.  Peak  C  fractions  (Fxns  37-45)  were  separated  in 
a  linear  gradient  of  0-60  min  of  30-50%  ACN  in  0.1%  TFA  thus,  with  an 
increment  of  ACN  concentration  of  0.3%/min  (designated  as  gradient  III). 
These  gradients  were  selected  to  allow  better  resolution  of  peptides  eluting  in 
the  corresponding  concentration  of  ACN  in  the  first  dimension.  For  example, 
peptides  eluting  in  the  first  dimension  between  37  and  45%  ACN  over  8  min 
were  separated  with  a  gradient  of  30-50%  ACN  over  60  min.  Peptides 
extracted  from  the  freshly  isolated  tumor  OVA-6  were  separated  by  two  rounds 
of  HPLC  under  identical  conditions  as  SKOV3  peptides  to  allow  comparison 
of  biological  activity. 

Ags.  Synthetic  HER-2  peptides  E75,  G89,  C85,  E90,  E91,  E92,  and  the 
EGF-R  peptide  F49  (22)  were  prepared  by  the  Synthetic  Antigen  Laboratory  at 
the  M.  D.  Anderson  Cancer  Center  using  a  solid-phase  method  and  purified  by 
HPLC  as  described  (23).  The  identity  of  peptides  was  established  by  amino 
acid  analysis.  The  purity  of  peptides  was  more  than  97%. 

CTL  Epitope  Reconstitution.  Reconstitution  of  CTL  epitopes  was  per¬ 
formed  using  HPLC  fractions  from  the  first  and  second  HPLC  dimensions. 
Fifty-jul  aliquots  of  each  fraction  were  concentrated  by  vacuum  centrifugation 
(Speed  Vac)  to  approximately  Vio  of  its  original  volume  to  remove  TFA  and 
ACN,  reconstituted  with  water,  reconcentrated,  and  then  reconstituted  with 
RPMI  medium  to  the  initial  volume  and  added  to  51Cr-labeled  T2  cells  in 
V-bottomed  microtiter  plates.  After  preincubation  with  peptides  for  90  min, 
effectors  were  added  at  10:1-20:1  E:T  ratios,  and  a  standard  CTL  assay  was 
performed  for  5  h  as  described  (15).  Control  wells  were  made  with  T2  cells 
incubated  with  equal  volumes  of  the  same  fraction  of  HPLC -separated  peptides 
without  CTLs,  to  account  for  direct  cytotoxicity  of  HPLC  fractions  themselves. 

The  percentage  of  specific  lysis  was  determined  from  the  equation 
A  —  BIC  —  B  X  100,  where  A  is  the  51Cr  release  from  T2  cells  by  effectors  in 
the  presence  of  a  peptide  fraction,  B  is  the  release  from  T2  cells  in  the  presence 
of  the  same  volume  of  the  same  HPLC  fraction  but  in  the  absence  of  effectors, 
and  C  is  the  maximum  51  Cr  release.  At  least  two  determinations  were  made 
from  each  fraction. 


RESULTS 

Similar  Patterns  of  HLA-A2-associated  Recognition  for  Pep¬ 
tides  Isolated  from  an  Established  Line  and  a  Freshly  Isolated 
Ovarian  Tumor.  To  evaluate  the  role  of  the  transfected  HLA-A2  as 
a  presenting  molecule  for  the  ovarian  CD8+  CTL,  we  tested  recog¬ 
nition  by  the  ovarian  CTL  lines  CTL-OVA-3  and  CTL-OVA-5  of  the 
SKOV3,  SKOV3.A2  (1E4),  C1R.A2,  and  C1R.A2.HER-2.J  cells  in 
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parallel  with  OVA-6.  SKOV3  and  SKOV3.A2  cells  are  of  identical 
origin.  Introduction  of  the  HLA-A2  gene  is  expected  to  allow  presen¬ 
tation  of  a  number  of  endogenously  processed  peptides.  Similarly, 
C1R.A2  and  C1R.A2.HER-2.J  cells  are  of  identical  origin.  C1R.A2 
cells  express  a  complete  and  functional  antigen-processing  and  trans¬ 
port  system.  In  these  cells,  introduction  of  the  HER- 2  gene  is  expected 
to  lead  to  the  presentation  of  a  number  of  peptides  derived  either  from 
HER-2  or  from  proteins  subject  to  upregulation  or  stabilization  of 
expression  by  HER-2  overexpression  (24).  Because  these  CTL  lines 
were  shown  previously  to  recognize  HER-2  peptides  (16),  failure  of 
the  effectors  to  lyse  C1R.A2.HER-2  cells  would  suggest  that  peptides 
recognized  are  not  presented,  and/or  other  peptides  derived  from 
HER-2  (which  are  not  recognized)  are  processed  and  presented  by  the 
C1R.A2.HER-2  cells. 

The  results  in  Fig.  1,  A  and  B,  show  that  target  recognition  by 
CTL-OVA-3  and  CTL-OVA-5  is  associated  with  HLA-A2  expres¬ 
sion.  Similarly,  both  CTL-OVA-3  and  CTL-OVA-5  recognized 
OVA-6  (Fig.  1).  Recognition  of  CTL-OVA-3  and  CTL-OVA-5  was 
inhibited  by  antibodies  to  MHC  class  I  but  not  to  MHC  class  II  (data 
not  shown). 

For  comparative  analysis  of  epitope  recognition,  peptides  were 
extracted  from  a  freshly  isolated  ovarian  tumor,  OVA-6,  and  the  clone 
SKOV3.A2.1E4  (designated  SKOV3.A2).  Both  tumors  expressed 
similar  levels  of  HLA-A2  (SKOV3.A2;  80%  HLA-A2+  cells;  MCF, 
144;  OVA-6:  75%  HLA-A2+  cells;  MCF,  175).  The  levels  of  HER-2 
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Fig.  1 .  Recognition  by  ovarian  CD8+  CD4-  CTL  lines  CTL-OVA-3  and  CTL-OVA-5 
of  the  ovarian  tumors  SKOV3  and  OVA-6  and  C1R.A2  cells  expressing  transfected 
HLA-A2  and  HER-2  genes.  E:T  ratio  was  20: 1 .  Results  were  obtained  in  a  5-h  CTL  assay. 


were  significantly  higher  on  SKOV3.A2  cells  (MCF,  324)  compared 
with  OVA-6  (MCF,  160). 

To  establish  whether  HLA-A2-bound  bioactive  peptides  extracted 
from  SKOV3  can  be  detected,  we  compared  the  recognition  of 
SKOV3.A2  peptides  by  two  ovarian  CTL  lines,  CTL-OVA-3  and 
CTL-OVA-4  (Fig.  2  A  and  B).  Equal  amounts  of  SKOV3  peptides 
separated  in  the  first-dimension  HPLC  were  used  for  both  CTL  lines. 
Analysis  of  recognition  of  SKOV3.A2,  fractions  10-34,  by  each  of 
the  CTL  lines  revealed  four  major  peaks  of  biological  activity.  Two  of 
three  peaks,  SKOV3  (fractions  22-27)  and  SKOV3  (fractions  29-32) 
appeared  to  coincide,  and  the  third  peak  SKOV3  (fractions  18-21) 
appeared  to  overlap  partially.  The  positions  and  heights  of  the  peaks 
of  more  hydrophilic  peptides  eluting  with  smaller  Rts  were  different 
between  CTL-OVA-3  and  CTL-OVA-4.  This  may  suggest  that  dif¬ 
ferent  antigenic  specificities  are  present  in  each  CTL  population. 
Furthermore,  differences  in  the  magnitude  of  response  of  CTL- 
OVA-3  and  CTL-OVA-4  to  peptides  in  peaks  SKOV3  (fractions 
22-27)  and  SKOV3  (fractions  29-32)  were  observed,  suggesting  not 
only  the  presence  of  common  tumor  Ag  in  the  SKOV3  cells,  but  also 
differences  in  the  frequency  of  CTL  clones  reacting  with  these  pep¬ 
tides.  The  range  of  CTL  activity  observed  was  similar  to  the  levels 
reported  in  recent  studies  for  melanoma  (10),  and  ovarian  carcinoma 

(13). 

The  ascites  that  were  the  source  of  OVA-6  cells  contained  mainly 
tumor  cells  and  very  few  lymphocytes.  These  lymphocytes  could  not 
be  grown  in  sufficient  numbers  to  perform  the  CTL  assays.  The  use  of 
high  concentrations  of  IL-2  to  promote  growth  lead  to  MHC-unre- 
stricted  lysis  (data  not  shown).  Thus,  the  analysis  of  OVA-6  peptides 
used  established  CTL  lines. 

Because  of  the  limited  amount  of  fresh  tumor  material,  identifica¬ 
tion  of  bioactive  peaks  was  made  only  with  CTL-OVA-5.  For  epitope 
reconstitution  studies,  we  used  peptides  extracted  from  different  num¬ 
bers  of  SKOV3.A2  and  OVA-6  cells.  The  rationale  of  this  approach 
is  that  if  an  epitope  is  expressed  at  similar  densities  in  both  tumors  as 
shown  by  Griem  et  al,  the  use  of  different  amounts  of  peptides  for 
epitope  reconstitution  would  be  detected  as  a  proportional  change  in 
the  CTL  activity  (26).  SKOV3  peptides  from  9.5  X  107-cell  equiva¬ 
lents  were  added  in  each  well  in  the  CTL  assay.  For  OVA-6,  the 
equivalent  number  was  5.5  X  107  cells,  resulting  in  a  ratio  of  1.8: 1.0 
between  SKOV3  and  OVA-6  peptides.  This  ratio  was  also  maintained 
for  determination  of  recognition  of  peptides  separated  in  the  second 
dimension.  Indeed,  the  cytotoxicity  levels  detected  with  CTL-OVA-5 
were  in  most  instances  higher  with  SKOV3  than  with  OVA-6  peptides 
(Figs.  2  and  3),  suggesting  that  the  epitopes  detected  using  cell  lines 
are  the  most  stimulatory  ones. 

This  should  be  important  for  peptide  quantitation  and  epitope 
identification  studies,  because  differences  in  CTL  epitope  expression 
have  been  correlated  in  some  (26,  27)  but  not  in  other  studies  (3)  with 
different  levels  of  MHC  class  I  expression.  To  determine  whether  a 
similar  pattern  of  bioactive  peptides  is  expressed  by  the  freshly 
isolated  ovarian  tumor  OVA-6,  recognition  of  OVA-6  peptides  sep¬ 
arated  in  the  first-dimension  HPLC  and  of  SKOV3.A2  peptides  was 
tested  in  parallel  using  as  effectors  CTL-OVA-5  cells. 

We  focused  on  fractions  with  higher  retention  times  in  OVA-6,  Le 
the  elution  positions  associated  with  a  potential  common  tumor  Ag 
shown  in  Fig.  2,  and  assayed  every  fraction  in  this  region  to  optimize 
resolution  of  bioactive  peaks.  The  results  in  Fig.  2,  C  and  D,  show  that 
a  broad  peak  of  SKOV3  (fractions  20-25)  corresponds  to  a  double 
peak  of  OVA-6  (fractions  22-26);  a  broad  peak  of  SKOV3  (fractions 
28-34)  corresponds  to  two  resolved  peaks  of  OVA-6  (fractions  28- 
29)  and  OVA-6  (fractions  31-32).  A  third  broad  peak  of  SKOV3 
(fractions  39-44)  corresponds  to  peak  OVA-6  (fractions  38-41). 
These  results  indicate  that  CTL-OVA-5  recognizes  peptides  present  in 
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Fig.  2.  A  and  B,  recognition  by  ovarian  CTL  lines  CTL-OVA-3  (A) 
and  CTL-OVA-4  ( B )  of  HLA-A2-bound  peptides  from  the  SKOV3.A2 
cell  line  fractionated  in  the  first-dimension  HPLC.  C  and  D,  recognition 
by  ovarian  CTL  line  CTL-OVA-5  of  HLA-A2-bound  peptides  from 
SKOV3.A2  cells  (C)  and  of  TFA-extracted  peptides  from  the  freshly 
isolated  ovarian  tumor  OVA-6  (D).  Both  fractionations  employed  first- 
dimension  HPLC  conditions  as  described  in  “Materials  and  Methods.” 
The  E:T  ratio  was  20: 1 .  Percentages  of  specific  lysis  of  T2  cells  that 
were  not  incubated  with  HPLC  fractions  were  2%  for  CTL-OVA-3  and 
4%  for  CTL-OVA-4.  These  values  were  not  subtracted  from  the  cyto¬ 
toxicity  values  induced  by  peptide  fractions,  because  the  control  T2  cells 
were  not  incubated  with  column  fractions.  The  cpms  of  51Cr  release  by 
T2  cells  incubated  with  HPLC  fractions  in  the  absence  of  effectors  were 
in  most  instances  lower  than  those  of  5ICr  release  of  T2  incubated 
without  HPLC  fractions.  Details  are  presented  in  “Materials  and  Meth¬ 
ods.”  The  Rts  of  the  HER-2  peptides  separated  under  the  same  condi¬ 
tions  were:  C85  (HER-2,  971-979),  23.7  min;  E89  (HER-2,  851-859), 
13.4  min;  E75  (HER-2,  369-377),  31.5  min;  and  control  hydrophobic 
signal  peptide  E91  (HER-2,  5-13),  38.4  min. 


CTL-OVA-3 


CTL-OVA-5  vs  SKOV3.A2 


CTL-OVA-5  vs  OVA-6 


overlapping  peaks  of  activity  with  CTL-OVA-3  and  CTL-OVA-4. 
These  peaks  are  designated  as  A,  B,  and  C  in  Fig.  2,  C  and  D. 
Furthermore,  identification  of  activity  in  OVA-6  peptide  peaks  eluting 
in  the  same  positions  with  peaks  A-C  with  a  tolerance  of  ±  1  min  (1% 
ACN  difference)  suggests  the  possibility  that  a  number  of  active 
tumor  peptides  may  be  common  between  the  freshly  isolated  tumor 
OVA-6  and  the  SKOV3.A2  tumor  line. 

Multiple  Epitopes  Recognized  by  CTLs  Are  Presented  by 
HLA-A2  on  Ovarian  Tumors.  Results  presented  above  show  that  a 
number  of  bioactive  peaks  corresponding  to  tumor  peptides  are  rec¬ 
ognized  by  ovarian  CTL  lines.  To  address  the  question  of  whether  the 
epitope  repertoire  is  composed  of  a  limited  number  of  peptides, 
fractions  corresponding  to  bioactive  peaks  A-C  from  SKOV3.A2  and 
OVA-6  were  subjected  to  an  additional  round  of  HPLC  separation.  To 
improve  resolution,  a  longer  HPLC  column  (of  220  mm  length)  of  the 
same  diameter  and  pore  size  as  the  one  used  in  the  first  dimension  was 
employed.  Fractions  separated  in  the  first-dimension  HPLC  usually 
contain  a  large  number  of  peptides  (25).  Because  not  every  peptide  is 
active,  it  is  possible  that  a  number  of  inactive  peptides  of  higher 
affinity  for  HLA-A2  compete  with  the  active  peptide;  thus,  the  ob¬ 
served  CTL  activity  can  appear  lower  than  the  activity  of  the  fractions 
subjected  to  additional  rounds  of  purification  (25).  The  analysis  of 
CTL  activity  presented  here  was  focused  primarily  on  the  peptides  of 
higher  Rt  eluting  in  peaks  B  and  C.  To  afford  comparisons,  the 
CTL-OVA-5  was  used  as  an  indicator  in  all  the  assays. 

With  regard  to  peak  B,  which  eluted  as  a  broad  peak  of  peptides 
from  SKOV3.A2,  and  a  double  peak  from  OVA-6  (Fig.  2,  C  and  D), 
fractions  27-33,  were  pooled,  lyophilized,  fractionated  using  a  shal¬ 
lower  ACN  gradient  with  increments  of  0.5%  per  min,  and  subjected 
to  CTL  analysis.  We  focused  on  fractions  30-47,  because  they  eluted 
at  ACN  concentrations  ranging  between  27  and  35%,  Le.,  the  range  in 
which  peak  B  eluted  during  fractionation  in  the  first  dimension.  The 
results  are  shown  in  Fig.  3  A  and  B,  SKOV3  peptides  eluted  in  three 


major  peaks  of  activity  are  designated  as  follows:  1  (fractions  31-36); 
2  (fractions  38-42);  and  3  (fractions  43-47).  OVA-6  peptides  eluted 
in  three  broad  peaks  and  designated  as  follows:  1  (fractions  35-40); 
2  (fractions  40-43);  and  3  (fractions  43-47).  They  were  preceded  by 
a  small  peak  (fractions  32-35)  that  overlapped  with  SKOV3,  peak  B 1 . 
Peak  B3  was  almost  coincident  in  SKOV3.A2  and  OVA-6.  The  peak 
CTL  values  and  the  shape  of  peaks  B1  and  B2  of  CTL  activity  in 
OVA-6  were  different  from  SKOV3.  This  suggests  the  possibility  that 
peptides  in  peaks  B1  and  B2  differ  quantitatively  and/or  qualitatively 
in  SKOV3  and  OVA-6.  The  fact  that  peptides  in  peak  SKOV3.B1  are 
more  stimulatory  than  OVA-6  peptides  eluting  in  the  same  positions 
suggests  the  possibility  that  these  peptides  may  have  been  presented 
and  were  immunogenic  in  an  earlier-stage  tumor. 

Peak  C,  which  eluted  as  a  single  peak  in  both  OVA-6  and 
SKOV3.A2  fractions  and  likely  contains  more  hydrophobic  peptides 
than  peaks  A  and  B,  was  fractionated  using  a  shallower  (0.3%  incre- 
ments/min)  and  thus  more  resolving  ACN  gradient.  The  results  are 
shown  in  Fig.  3  C  and  D.  Under  these  separation  conditions,  peak  C 
resolved  in  at  least  8  distinct  peaks  of  both  SKOV3  and  OVA-6 
peptides.  Comparison  of  the  plotted  CTL  activity  over  Rt  shows  that 
peaks  2  (fractions  16-19)  and  3  (fractions  20-23)  are  almost  coinci¬ 
dent.  These  peaks  eluted  at  ACN  concentrations  ranging  between  35.3 
and  37.7%.  In  addition  peak  4  is  maximal  at  24  min  with  a  broad 
shoulder  at  25-27  min  (38%  ACN)  but  is  poorly  separated  (or  recov¬ 
ered)  in  SKOV3.  This  suggests  that  several  peptides  with  very  similar 
retention  time  endowed  with  biological  activity  are  present  in  both 
OVA-6  and  SKOV3.A2  cells. 

The  shape  and  peak  values  of  the  other  peptides,  or  groups  of 
peptides  corresponding  to  peaks  1,  5,  6,  7,  and  8,  show  differences 
between  OVA-6  and  SKOV3.A2.  SKOV3.C.1  (fractions  13-14)  and 
OVA-6.C.1  (fractions  11-14)  elute  at  similar  positions,  but  the  max¬ 
imal  value  of  SKOV3.C.1  corresponds  to  the  shoulder  of  peak  OVA- 
6.C1.  Similarly,  SKOV3.C5  (fractions  25-29)  and  OVA-6.C5  (frac- 
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Fig.  3.  Recognition  by  CTL-OVA-5  of  second-dimension  HPLC  fractions  corresponding  to  the  B  peaks  of  activity  in  the  first  dimension  shown  in  Fig.  2.  A  and  C,  SKOV3.A2 
peptides;  B  and  D,  OVA-6  peptides.  Dotted  areas  indicate  coincident  peaks  in  the  B3  peak  of  activity.  The  positions  of  elution  of  the  HER-2  peptides  used  as  markers  for  these  HPLC 
conditions  were:  E90  (HER-2,  789-797),  25.4  min;  E92  (HER-2,  650-658),  32.4  min;  and  E75,  40.5  min.  The  Rt  of  an  EGF-R  peptide,  F49  (EGF-R,  356-364)  KILGNLDFL,  was 
38.5  min  (underlined  residues  indicate  mutations  in  the  E75  sequence).  Lysis  of  T2  cells  incubated  with  CTL-5  was  as  follows:  no  peptide  (3  ±  1%);  E75,  1  ju.g/ml  (14  ±  2%);  and 
F49,  5  (jl g/ml  (2  ±  1%).  In  the  same  experiment,  lysis  of  T2  cells  by  TAL-OVA-6  (autologous  with  OVA-6)  was;  no  peptide  (71  ±  10%);  and  E75,  1  /itg/ml  (73  ±  7%).  TAL-OVA-6 
showed  slow  growth.  The  use  of  high  concentrations  of  IL-2  to  enhance  proliferation  lead  to  high  nonspecific  cytotoxicity  levels.  C  and  D,  recognition  by  CTL-OVA-5  of 
second-dimension  HPLC  fractions  corresponding  to  peak  C  of  activity  in  the  first  dimension  shown  in  Fig.  2,  C  and  D.  Dotted  areas  indicate  coincident  peaks  C2,  C3,  and  C4.  There 
is  no  lysis  by  peptide  only  if  compared  with  control  T2  cells,  because  the  cpms  released  in  this  group  were  the  same  or  lower  than  spontaneous  release  by  T2  cells.  The  elution  positions 
of  the  HER-2  peptides  used  as  markers  to  verify  the  capacity  of  separation  in  gradient  III  were:  F57  (HER-2,  435-443),  14.7  min;  E90,  16.1  min;  F49,  18.5  min;  E75,  19.9  min;  and 
E91,  29.7  min. 


tions  28-30)  overlap  partially.  On  the  basis  of  comparison  of 
cytotoxicity  values,  peptides  isolated  from  ovarian  cell  line  appear  to 
be  more  stimulatory  then  the  peptides  isolated  from  the  fresh  tumor. 
The  reasons  for  the  observed  differences  are  currently  under  investi¬ 
gation.  First,  it  should  be  noted  that  under  these  gradient  conditions, 
±l-min  differences  in  the  Rts  of  peaks  of  elution  reflect  differences 
of  only  ±0.3%  in  ACN  concentration.  Secondly,  the  amount  of 
HLA-A2-bound  peptides  isolated  from  SKOV3.A2  and  OVA-6  cells 
was  different  because  of  different  amounts  of  starting  material.  Al¬ 
though  we  isolated  a  large  number  of  OVA-6  cells,  the  number  of 
OVA-6  cells  was  significantly  lower  than  the  number  of  SKOV3.A2 
cells  used  in  these  studies. 

To  gain  insight  into  the  relationship  between  HLA-A2  expression 
and  epitope  density,  we  compared  the  cytotoxicity  values  in  the 
bioactive  peaks  of  SKOV3.A2  and  OVA-6  that  showed  the  highest 
levels  of  coincidence  in  their  Rts  (±1.0  min  tolerance).  The  results  are 
presented  in  Table  1 .  These  results  show  that  for  peaks  C2  and  C3,  the 
activity  in  the  SKOV3  fractions  was  significantly  higher  than  in  the 
corresponding  fractions  from  OVA-6.  Particularly  for  the  peak  of 
SKOV3.C2,  the  activity  was  higher  than  the  one  expected  from  an 
1 .8:1.0  ratio  (tumor  line:  fresh  tumor).  The  same  pattern  was  observed 


Table  1  Common  epitopes  on  SKOV3.A2  and  OVA-6  recognized  by  CTL-OVA-5a 


Peptides 

(fraction  No.) 

SKOV3.A2 

OVA-6 

B3  (43-46) 

18 

21 

5 

12 

16 

20 

19 

12 

C2  (16-19) 

8 

13 

14 

12 

2 

8 

6 

0 

C3  (21-23) 

16 

22 

1 

8 

9 

4 

C4  (24-25) 

6 

5 

17 

7 

a  Numbers  indicate  the  percentage  of  specific  lysis  by  CTL-OVA-5  of  T2  cells 
incubated  with  equal  volumes  of  the  same  HPLC  fractions  as  described  (26). 


for  the  peaks  of  SKOV3.B1  and  the  partially  overlapping  peaks  B2, 
C5,  C6,  and  Cl.  For  peak  C4,  the  CTL  activity  was  significantly 
higher  in  the  OVA-6  fractions.  Similarly,  the  levels  of  CTL  activity  in 
OVA-6  fractions  were  the  same  or  higher  in  peak  B3  than  the  levels 
observed  with  SKOV3.A2  fractions.  This  suggests  that  if  for  a  number 
of  tumor  epitopes  the  density  may  correlate  with  the  cell  number  (and 
with  the  levels  of  HLA  expression),  for  others  this  does  not  apply, 
suggesting  that  they  may  be  preferentially  processed  and  presented  by 
tumor  cells. 


DISCUSSION 

In  this  report,  we  present  evidence  that  peptides  extracted  from  an 
established  ovarian  tumor  line  and  from  a  freshly  isolated  ovarian 
tumor  can  reconstitute  the  lytic  activity  of  ovarian  CTL  isolated  from 
malignant  ascites  of  patients  with  ovarian  cancer.  Both  ovarian  tumors 
and  the  effectors  shared  HLA-A2.  Assessment  of  the  number  of 
epitopes  recognized  suggests  that  OVA-6  and  SKOV3  can  present  at 
least  1 1  distinct  epitopes  to  an  ovarian  CTL  line.  Of  these  1 1  epitopes, 
4  [1  separated  in  gradient  II  (B3)  and  3  separated  in  gradient  III  (C2, 
C3,  and  C4)]  appear  to  be  shared  between  SKOV3  and  OVA-6,  using 
as  comparison  factors  the  Rts  and  the  shapes  of  the  peaks.  The  number 
of  shared  epitopes  is  likely  to  be  higher  if  at  least  some  of  the  peptides 
present  in  the  partially  overlapping  peaks  B2,  Cl,  C5,  and  C6  are 
identical  in  both  samples.  The  Rts  of  synthetic  peptides  used  as 
markers  (Figs.  2  and  3)  show  that  both  gradients  II  and  III  are  quite 
resolving  because  they  can  separate  the  HER-2  peptide,  E75  (369- 
377),  from  the  corresponding  mutated  EGF-R  (356-364)  peptide. 
Similarly,  mass-spectrometric  analysis  of  ions  presumed  to  be  pep¬ 
tides  in  peaks  of  gradient  II  and  III  show  that  each  ion  was  present 
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mainly  in  two  and  no  more  than  three  consecutive  HPLC  fractions.4 
Thus,  it  is  likely  that  most  of  the  nonoverlapping  peaks  of  activity 
correspond  to  different  epitopes. 

The  total  number  of  distinct  epitopes  is  also  likely  higher,  because 
only  the  epitopes  eluted  in  two  major  first-dimension  HPLC  peaks  of 
peptides  were  analyzed.  Indeed,  preliminary  studies  in  our  laboratory 
indicate  that  peak  A  can  be  resolved  in  at  least  five  peaks  of  biological 
activity  from  both  OVA-6  and  SKOV3.A2  cells.  A  recent  study  using 
cultured  breast  and  ovarian  tumors  reached  similar  conclusions  re¬ 
garding  the  potential  number  of  CTL  epitopes  in  breast  and  ovarian 
cancer  (28).  HER-2  peptides  found  to  be  active  in  previous  studies  of 
mapping  CTL  epitopes  with  synthetic  peptides  appeared  to  coelute 
with  the  major  peaks  of  CTL  activity.  Preliminary  analysis  also 
indicates  that  the  immunodominant  HER-2  peptide  (369-377)  co¬ 
eluted  with  peak  B2  in  gradient  II.  Because  these  CTL  lines  were 
previously  shown  to  recognize  E75,  it  is  likely  that  a  peptide  with 
similar  retention  time  forming  a  similar  epitope  on  T2  cells  is  pre¬ 
sented  by  both  the  established  line  SKOV3  and  the  freshly  isolated 
ovarian  tumor  OVA-6. 

The  epitope  repertoire  identified  is  only  partially  overlapping.  The 
fact  that  none  of  the  effector  CTLs  was  stimulated  with  either  tumor 
suggests  that  the  effector  repertoire  was  not  altered  by  the  tumor 
epitope  recognition.  Two  categories  of  epitopes  have  been  identified: 
(a)  overlapping  (shared),  best  illustrated  by  peaks  B2,  C2,  C3,  and  C4; 
and  ( b )  nonoverlapping,  illustrated  by  peak  Bl.  With  respect  to  the 
overlapping  epitopes,  for  some,  the  cytotoxicity  values  appear  to 
reflect  differences  in  the  cell  numbers  of  SKOV3  and  OVA-6  tumors 
of  similar  levels  of  MHC  class  I  expression;  for  others,  the  distribution 
is  uneven,  suggesting  that  they  may  be  preferentially  processed  and 
presented  by  each  tumor.  The  latter  possibility  is  supported  by  recent 
studies  indicating  that  preferential  expression  of  CTL  epitopes  from 
the  ubiquitous  dehydrogenase  in  different  tissues  does  not  correlate 
with  the  levels  of  MHC  class  I  expression  (3). 

The  variable  ability  of  CTL-OVA5  to  recognize  these  epitopes  may 
derive  from  differential  expression  of  the  precursor  of  these  epitopes 
in  the  fresh  tumors  and  tumor  line  (10).  An  alternative  possibility  is 
that  the  decreased  stimulatory  ability  of  the  fresh  tumor  epitopes  such 
as  peaks  C2,  C5,  and  C6  may  reflect  altered  rates  of  processing  of  the 
same  precursor  (10,  29).  This  may  reduce  epitope  generation,  leading 
to  decreased  recognition  by  the  immune  system  (29).  The  presence  of 
nonoverlapping  epitopes  such  as  B 1  is  of  particular  interest.  The  fact 
that  SKOV3.B1  is  recognized  suggests  that  such  an  epitope  was 
present  and  stimulatory  on  the  autologous  tumor.  The  absence  from 
the  fresh  tumor  may  suggest  immunoselection  against  those  cells 
expressing  SKOV3.B1. 

This  study,  which  represents  the  first  comparative  analysis  of  the 
epitope  repertoire  presented  by  a  cloned  established  ovarian  tumor 
line  (SKOV3.1E4)  and  a  freshly  isolated  ascitic  ovarian  tumor,  indi¬ 
cates  that  a  significant  number  of  epitopes  presented  by  the  ovarian 
tumor  can  be  detected  in  the  established  tumor  line  SKOV3.  Further¬ 
more  a  significant  number  of  the  peaks  of  peptides  eluted  from 
SKOV3  and  OVA-6  are  recognized  by  a  human  breast  CTL  line 
isolated  from  an  HLA-A2+  donor,  suggesting  that  at  least  some  of 
these  epitopes  are  shared  by  the  breast  and  ovarian  tumors.5  Thus, 
with  the  possible  limitations  due  to  the  use  of  allogeneic  effectors, 
these  results  show  that  the  potential  number  of  CTL  epitopes  on  breast 
and  ovarian  tumors  is  high,  and  their  identification  deserves  additional 
investigation.  This  should  be  of  interest  for  identification  and  char¬ 
acterization  of  tumor  Ag  in  ovarian  and  breast  cancer.  Freshly  isolated 
ovarian  tumors  are  difficult  to  grow,  and  their  establishment  in  long¬ 


4  W.  E.  Seifert  and  B.  DaGue,  unpublished  preliminary  studies. 

5  B.  Melichar  et  a I.,  manuscript  in  preparation. 


term  culture,  to  achieve  the  desired  cell  number  for  this  type  of  study, 
usually  requires  specific  culture  conditions  that  involve  the  use  of 
growth  factors  and  stimulation.  Thus,  the  comparative  analysis  of  the 
epitopes  using  defined  numbers  of  tumor  cells  fractionated  under 
defined  HPLC  conditions  should  allow  identification  of  bioactive 
peptides  for  tumor-associated  CTLs  and  characterization  of  tumor  Ag. 

The  possibility  of  characterizing  tumor  peptides  in  human  ovarian 
and  breast  cancer  may  have  important  implications  for  understanding 
tumor  immunity  and  development  of  epitope-specific  cancer  vaccines: 
(a)  in  contrast  to  melanoma,  in  which  a  large  number  of  tumor  Ags 
have  been  identified  (reviewed  by  Boon  and  van  der  Bruggen;  Ref. 
30),  the  number  of  tumor  Ags  found  in  breast  and  ovarian  cancer  is 
significantly  smaller.  It  comprises  Muc-1  (31),  HER-2  (32),  the  AES 
protein  of  the  Notch  complex  (33)  and  possibly  the  folate-binding 
protein.6  Identification  of  additional  Ags  may  allow  development  of 
polyvalent  tumor  vaccines  directed  to  several  tumor  epitopes.  This  can 
minimize  the  escape  of  tumor  variants  and  establishment  of  metasta- 
ses;  ( b )  the  use  of  HPLC-fractionated  peptides  from  established  tumor 
lines  may  allow  us  to  focus  the  therapy  on  the  immunogenic  epitopes. 
The  active  peptide  fractions  represented  less  than  10%  of  the  total 
peptide  material  eluting  from  each  HPLC  column.  Their  use  for 
vaccination  studies  will  circumvent  the  blocking  of  the  presenting 
molecules  by  inactive  peptides.  This  should  increase  the  Ag  density 
on  Ag-presenting  cells,  a  factor  that  is  critical  for  CTL  induction;  (c) 
because  the  presence  of  CTLs  lacking  specificity  in  the  OVA-6  tumor 
infiltrate,  as  well  as  the  presence  of  large  numbers  of  tumor  cells 
suggest  that  this  CTL  response  is  ineffective  at  this  tumor  stage, 
vaccine  strategies  could  be  developed  using  these  peptides  for  therapy 
of  earlier  stage  tumors  of  smaller  size.  Epitopes  from  tumor  lines  that 
are  recognized  by  CTL  associated  with  fresh  tumors  may  provide  an 
unlimited  source  of  material  for  induction  of  a  therapeutic  response, 
bypassing  the  limitations  imposed  by  the  small  amounts  of  fresh 
tumor  cells.  In  fact,  a  recent  study  has  demonstrated  the  ability  of 
acid-eluted  peptides  to  induce  curative  tumor  immunity  (14). 
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Abstract 

The  emergence  of  drug  resistance  to  chemotherapeutic  agents  is  a 
major  cause  of  treatment  failure  in  cancer  therapy.  Therefore,  much 
effort  has  been  aimed  at  circumventing  or  reversing  this  undesired  effect. 
Recently,  we  found  that  tumor  cell  lines  selected  for  their  multidrug- 
resistant  phenotype  can  also  exhibit  increased  levels  of  TAP  mRNA  and 
MHC  class  I  proteins.  This  raised  the  question  of  whether  drug-resistant 
tumors  are  more  readily  recognized  by  MHC-restricted  CTLs.  In  this 
report,  we  show  that  five  of  five  MHC  class  I+  tumor  cell  lines  grown  in 
medium  containing  Adriamycin  developed  into  variants  that  expressed 
higher  levels  of  MHC  class  I  than  did  their  corresponding  parental  cell 
lines.  This  was  not  observed  with  a  MHC  class  1“  cell  line.  No  similar 
association  was  noted  for  changes  in  the  expression  of  either  HER-2  or 
intercellular  adhesion  molecule  1  protein.  We  also  found  that  MHC  class 
I+  drug-selected  variants  were  more  readily  lysed  by  MHC-restricted, 
tumor-associated  CTLs  than  were  the  drug-sensitive  parental  cell  lines. 
When  the  drug-selected  variants  were  cocultured  with  the  same  CTLs  to 
eliminate  tumor  cells  expressing  higher  levels  of  MHC-I  (MHC-Ihl),  the 
CTL-resistant  tumor  cells  exhibited  a  drug  sensitivity  profile  similar  to 
that  of  the  parental  cell  lines  that  were  not  exposed  to  Adriamycin.  These 
findings  suggest  that  certain  chemotherapeutic  drugs  may  increase  the 
immunogenicity  of  some  tumors,  and  that  CTL  immunotherapy  may  help 
reverse  drug  resistance. 

Introduction 

Prolonged  exposure  of  tumor  cells  to  cytotoxic  chemotherapeutic 
drugs  such  as  ADR,3  etoposides,  and  Vinca  alkaloids  leads  to  the 
development  of  the  MDR  phenotype,  which  results  in  resistance  to 
various  types  of  drugs  (1).  The  development  of  multidrug  resistance 
plays  a  major  role  in  the  failure  of  treatment  of  many  types  of  cancers. 
Consequently,  much  effort  has  been  directed  at  both  understanding  its 
development  and  deriving  the  means  to  reverse  or  circumvent  its 
effects.  Still,  this  problem  represents  a  major  obstacle  to  progress  in 
cancer  therapy. 

Two  different  proteins  are  known  to  mediate  multidrug  resistance 
activity:  (a)  P-glycoprotein,  the  product  of  the  MDR1  gene  (2);  and  ( b ) 
MRP  (3).  These  proteins  are  thought  to  act  as  energy  (ATP)-depend- 
ent  efflux  pumps  that  prevent  the  intracellular  accumulation  of  cyto¬ 
toxic  compounds.  Both  proteins  belong  to  the  ABC  superfamily  of 
transmembrane  transporters,  the  family  that  also  includes  the  TAP 
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proteins  (4-6).  TAP  is  a  heterodimer  that  transports  peptides  from  the 
cytosol  into  the  endoplasmic  reticulum,  where  they  are  available  for 
binding  to  the  MHC  class  I  heavy  chain  (7).  Such  presentation  of 
antigenic  peptides  is  a  prerequisite  for  the  recognition  and  lysis  of 
infected  or  transformed  cells  by  CTLs. 

Because  of  the  structural  and  functional  similarities  between  the 
genes  associated  with  MDR  and  TAP,  we  recently  investigated 
whether  MDR  tumor  cells  also  have  altered  peptide  transport  systems 
(8).  We  found  that  the  development  of  the  MDR  phenotype  was 
paralleled  by  an  increased  accumulation  of  TAP  mRNA,  resulting  in 
a  higher  level  of  MHC  class  I  expression  relative  to  that  of  the 
parental  cell  lines.  These  findings  were  recently  confirmed  by  Izqui- 
erdo  et  al  (9),  who  also  found  both  TAP  and  MHC  class  I  to  be 
overexpressed  in  several  MDR  tumors. 

The  findings  of  enhanced  antigen-presenting  capabilities  among 
MDR  tumors  raised  questions  about  the  immune  recognition  of  drug- 
resistant  cells  in  comparison  to  their  drug-sensitive  counterparts.  It  has 
been  demonstrated  in  experimental  models  that  anticancer  drugs, 
although  often  thought  of  as  immunosuppressive,  can  actually  poten¬ 
tiate  a  variety  of  immune  responses  ( e.g delayed-type  hypersensitiv¬ 
ity  and  abrogation  of  tolerance;  Ref.  10).  One  of  the  most  widely 
studied  chemotherapeutic  agents  in  this  regard  is  cyclophosphamide 
(reviewed  in  Ref.  10).  The  immunopotentiation  observed  with  cyclo¬ 
phosphamide  is  thought  to  result  from  the  inhibition/depletion  of 
suppressor  T  cells  and  may  be  observed  with  the  administration  of 
cyclophosphamide  before  tumor  challenge  (10,  11).  It  has  also  been 
shown  that  the  administration  of  chemotherapeutic  agents  such  as 
melphalan  can  result  in  increased  tumor  infiltration  by  CD8+  T 
lymphocytes  with  potent,  antigen-specific  cytotoxic  activity  in  vitro 
(12).  ADR  was  found  to  result  in  a  dose-dependent  increase  in 
tumor-specific  CTL  activity  in  mice  receiving  tumor  cell  vaccines, 
particularly  when  it  was  administered  1  week  after  vaccination  as 
opposed  to  administration  before  vaccination  (13).  Furthermore,  the 
development  of  regimens  that  alternate  cytotoxic  therapy  with  immu¬ 
notherapy  (sequential  chemoimmunotherapy)  has  demonstrated  a  syn¬ 
ergy  Stic  effect  of  the  two  modalities  in  clinical  trials  (14,  15).  The 
exact  mechanism  by  which  chemotherapy  induces  this  immunopoten¬ 
tiation  remains  to  be  elucidated.  We  hypothesized  that:  ( a )  the  in¬ 
creased  expression  of  TAP  and  MHC  class  I  proteins  associated  with 
the  MDR  phenotype  renders  such  tumor  cells  more  susceptible  to 
recognition  and  lysis  by  MHC  class  I-restricted,  tumor-specific  CTLs; 
and  (b)  the  elimination  of  the  MHChl  cells  within  a  population  of 
MDR  cells  results  in  increased  sensitivity  of  the  remaining  population 
of  cells  to  the  cytotoxic  effects  of  chemotherapeutic  drugs  by  also 
eliminating  the  MDR-  or  MRP-overexpressing  cells. 

Materials  and  Methods 

Fluorescence-activated  Cell-sorting  Analysis.  Tumor  surface  antigens 
were  detected  as  described  previously  (16),  using  an  EPICS  V  Profile  Analyzer 
(Coulter  Corp.,  Hialeah,  FL).  Antibodies  to  HLA  ABC  (W6/32;  DAKO, 
Glostrup,  Denmark),  HER-2/neu  (Ab2;  Oncogene  Science,  Manhasset,  NY), 
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and  ICAM-1  (Calbiochem,  San  Diego,  CA)  were  not  conjugated.  Cells  to  be 
examined  were  incubated  with  the  appropriate  antibody  at  4°C  for  30  min, 
washed,  and  further  incubated  with  goat  antimouse  IgG  (Boehringer  Mann¬ 
heim,  Indianapolis,  IN).  Cells  were  washed  again  after  30  min  and  then 
analyzed. 

CTL  Cytotoxicity  Assays.  Cytotoxic  activity  of  tumor-associated  lympho- 
cytes/CTLs  was  determined  using  the  in  vitro  51Cr  release  assay  (16).  CTLs 
used  as  effectors  were  generated  as  described  previously  (16,  17).  For  the 
cytotoxicity  assay,  1-2  X  106  target  cells  were  labeled  with  100  juCi  of  5,Cr 
(Amersham,  Arlington  Heights,  IL)  at  37°C  for  90  min,  washed  three  times, 
and  plated  in  triplicate  at  a  final  concentration  of  5  X  103  cells/well  in  96-well 
V-bottomed  microtiter  plates  (Costar,  Cambridge,  MA)  containing  the  appro¬ 
priate  number  of  effector  cells.  For  MHC  class  I  inhibition,  5  jud  of  W6/32  were 
added  to  the  appropriate  wells.  Maximum  release  was  obtained  by  adding  0.1n 
HCL.  The  percentage  of  specific  target  cell  lysis  was  determined  by  the 
following  formula: 

Experimental  51Cr  release  -  Spontaneous  release 

- - rr~r — : - X  100 

Maximum  Cr  release  —  Spontaneous  release 

Drug  Selection.  Drug-selected  variants  were  derived  from  breast  (SKBR3, 
MCF-7,  and  MDA  MB453)  and  ovarian  (SKOV3,  MDA  2774,  and  CaOV3) 
tumor  cell  lines  by  exposure  to  gradually  increasing  concentrations  of  ADR.  In 
brief,  1  X  106  cells  were  seeded  in  T-25  flasks  with  12  ml  of  RPMI-FCS 
[RPMI  1640  (Life  Technologies,  Inc.)  4*  10%  FCS  +  40  /Ag/ml  gentamicin]. 
ADR  (Sigma)  was  added  at  a  final  concentration  of  1  ng/ml.  Cultures  were 
split  every  3-4  days,  at  which  time  the  ADR  concentration  was  increased. 
Concentrations  were  increased  from  1  ng/ml  to  2,  4,  10,  15,  20,  ...  100  ng/ml 
over  a  1 -month  period.  ADR-selected  tumor  cells  were  100%  viable  in  125 
ng/ml  ADR  by  the  MTT  assay.  Nonselected  parental  cell  lines  were  cultured 
and  split  simultaneously. 

Immunoselection.  CTL  escape  variants  were  generated  from  drug-selected 
tumor  cell  lines  as  follows.  Cells  of  the  line  to  be  selected  were  added  at 
5  X  104  cells/well  to  a  24-well  Falcon  plate  along  with  2.5  X  105  CTLs 
(CTL-B  or  CTL-E)  in  a  final  volume  of  2  ml  of  RPMI-FCS  +  50  units/ml  IL-2 
(Cetus).  A  similar  number  of  seeded  wells  were  incubated  without  IL-2 
(RPMI-FCS  alone)  as  controls.  After  2  days,  the  wells  were  rinsed  gently  with 
RPMI  1640,  and  the  nonadherent  cells  were  removed.  Both  immunoselected 
and  control  wells  were  then  further  cultured  in  RPMI-FCS  without  IL-2  and 
split  as  needed.  The  determination  of  drug  sensitivity  was  performed  7  days 
after  the  initiation  of  selection  with  CTLs. 

Drug  Sensitivity  Assay.  The  assay  \yas  modified  from  that  described  by 
Wilson  et  al  (18).  Cells  were  added  at  2,5  X  104  cells/well  in  a  final  volume 
of  100  (i\  of  RPMI-FCS  to  a  96- well  flat-bottomed  plate,  which  already 
contained  triplicate  dilutions  of  ADR.  Final  dilutions  of  ADR  ranged  from  4  to 
500  ng/ml.  Plates  were  incubated  at  37°C  for  18  h,  after  which  25  pd  of  MTT 
(at  2.5  mg/ml)  was  added  per  well.  The  plates  were  incubated  for  an  additional 
4  h  and  then  centrifuged  for  5  min  at  200  X  g.  Medium  and  unconverted  MTT 
were  removed  by  inversion,  and  75  pi  of  DMSO  were  added  to  each  well. 
Plates  were  incubated  on  a  rotator  for  10  min  and  then  read  at  570  nm  by  a 
Dynatech  auto  plate  reader.  The  effect  of  the  cytotoxic  drug  was  determined  by 
calculating  the  absorbance  of  the  test  wells  as  a  percentage  of  that  of  the 
control  wells. 

Results 

ADR-selected  Tumor  Cell  Lines  Exhibit  Increased  Levels  of 
MHC  Class  I.  To  examine  the  effect  of  chemotherapeutic  resistance 
on  tumor  MHC  class  I  expression,  we  exposed  six  established  tumor 
cell  lines  (three  ovarian  and  three  breast  cancer  cell  lines)  to  increas¬ 
ing  concentrations  of  ADR.  The  levels  of  MHC  class  I  expression  of 
the  ADR-selected  variants  were  then  determined  by  fluorescence- 
activated  cell-sorting  analysis  and  compared  with  those  of  the  corre¬ 
sponding  drug-sensitive  parental  cell  lines.  Increased  levels  were 
found  in  all  five  ADR-selected  variants  that  had  corresponding  MHC 
class  I+  parental  cell  lines  (Table  1).  The  levels  of  increased  MHC 
class  I  expression  varied  from  a  14%  increase  observed  with  SKOV3 
to  a  156%  increase  seen  with  MCF-7.  The  remaining  cell  lines 


Table  1  Increases  in  HLA-A,  -B,  and  -C  antigen  expression  in  drug-resistant  tumor 
cell  lines 


Mean  level  of  fluorescence 

Tumor  cell  line 

Drug 

sensitive 

Drug 

resistant 

MCF-R" 

HLA  class  I 

MDA  2774 

155 

215 

1.39 

SKOV3 

190 

216 

1.14 

CaOV3 

194 

346 

1.78 

MCF-7 

80 

205 

2.56 

SKBR3 

80 

120 

1.50 

MDA  MB453 

44b 

44b 

1.0 

HER-2/neu 

MDA  2774 

153 

153 

1.0 

SKOV3 

385 

396 

1.0 

CaOV3 

10 

10 

1.0 

MCF-7 

335 

320 

0.95 

SKBR3 

139 

139 

1.0 

MDA  MB453 

613 

536 

0.87 

ICAM-1 

MDA  2774 

230 

190 

0.82 

SKOV3 

111* 

1 19fo 

1.27 

CaOV3 

78 

99 

1.27 

MCF-7 

275 

274 

1.0 

SKBR3 

50 

60 

1.0 

MDA  MB453 

116 

119" 

1.0 

a  MCF-R,  mean  channel  fluorescence  ratio  was  obtained  by  dividing  each  value  in  the 
second  column  by  the  corresponding  value  in  the  first  column  (i.e.,  215:122  =  1.39). 

Negative  samples  (antibody-stained  population  showed  no  difference  in  comparison 
to  the  negative  control). 


exhibited  between  a  40  and  80%  increase  in  MHC  class  I  expression. 
One  cell  line,  MDA  2774,  consisted  of  two  distinct  populations 
expressing  high  and  low  levels  of  MHC  class  I.  Both  populations  in 
the  ADR-selected  variant,  2774-DR,  exhibited  increased  levels  of 
MHC  class  I. 

One  parental  tumor  cell  line,  MDA  MB453,  which  was  negative  for 
MHC  class  I  expression,  was  used  as  a  control.  The  corresponding 
ADR-selected  variant,  MB453-DR,  was  the  only  drug-selected  cell 
line  that  did  not  show  any  changes  in  MHC  class  I  expression.  Hence, 
the  loss  of  MHC  class  I  expression  is  not  corrected  by  selection  with 
ADR  or  the  development  of  drug  resistance. 

Increased  expression  of  the  proto-oncogene  HER-2  has  also  been 
described  as  being  associated  with  MDR1 -overexpressing  breast  and 
ovarian  tumors  (19).  Because  increased  HER-2  expression  results  in 
CTL  recognition  (17),  we  also  determined  the  levels  of  HER-2  ex¬ 
pression  on  the  ADR-selected  variants.  As  shown  in  Table  1,  HER-2 
expression  was  slightly  increased  in  one  cell  line,  unchanged  in  three 
cell  lines,  and  decreased  in  two  other  cell  lines.  We  also  examined  for 
differences  in  ICAM-1  expression  between  drug-selected  and  nonse¬ 
lected  tumor  cells,  because  this  adhesion  molecule  can  facilitate  tumor 
recognition  by  cellular  immune  effectors.  Two  of  the  six  tumor  cell 
lines  were  negative  for  ICAM-1  expression,  as  were  the  correspond¬ 
ing  drug-selected  variants.  Of  the  four  ICAM-1 -positive  cell  lines, 
two  showed  an  increase  in  ICAM-1  expression  in  the  drug-selected 
variants,  one  showed  no  change,  and  one  showed  a  slight  decrease. 
Thus,  whereas  MHC  class  I  expression  was  clearly  increased  in  all 
ADR-selected  variants,  HER-2  and  ICAM-1  expression  showed  no 
such  association. 

Increased  CTL-mediated  Lysis  of  ADR-selected  Tumor  Cell 
Lines.  CTL  cytotoxicity  assays  were  performed  to  determine  whether 
the  increased  levels  of  MHC  class  I  expression  in  ADR-selected 
variants  resulted  in  increased  target  sensitivity  to  lysis.  To  ensure  that 
the  results  were  relevant  for  several  HLA  types,  we  used  three  ovarian 
CTL  lines  that  express  at  least  one  HLA  in  common  with  the  MDA 
2774  cell  line  (CTL-B,  HLA- A3;  CTL-E  and  CTL-R,  HLA-A24)  as 
effectors.  These  CTL  cell  lines  have  been  previously  shown  to  pref¬ 
erentially  lyse  autologous  tumors  (15).  All  three  CTL  cell  lines  lysed 
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,  the  parental  MDA  2774  cells,  but  a  higher  lysis  of  the  ADR-selected 
2774-DR  variant  than  of  the  parental  cell  line  was  observed  (Fig.  1,  A 
and  5).  Lysis  was  inhibited  by  the  addition  of  the  anti-MHC  class  I 
antibody  W6/32  (Fig.  15).  As  expected,  neither  the  MHC  class  I” 
MDA  MB453  nor  the  MB453-DR  tumors  were  lysed,  indicating  that 
the  increased  sensitivity  to  lysis  is  dependent  on  MHC  class  I  expres¬ 
sion,  and  that  tumor  lysis  by  these  effectors  is  not  likely  to  be  the 
result  of  a  natural  killer-lymphokine-activated  killer  cell  activity. 

A  fourth  CTL  cell  line,  CTL-V  (HLA-11,  B60,  62),  was  tested 
against  SKBR3  (HLA-A11,  B18,  40)  and  its  ADR-selected  variant, 
SKBR3-DR.  Neither  SKBR3  nor  SKBR3-DR  was  lysed  by  CTL-V 
(data  not  shown).  Because  both  targets  shared  HLA-A11  but  ex¬ 
pressed  lower  levels  of  MHC  class  I  than  did  the  other  tumor  cell  lines 
tested  (Table  1),  we  retested  CTL-V-mediated  lysis  after  pretreating 
the  tumors  with  300  units/ml  IFN-y  for  24  h.  However,  the  IFN-y- 
treated  tumors  were  still  resistant  to  lysis  (data  not  shown).  These 
results  suggest  that  CTLs  that  lack  antigen  recognition  of  the  ADR- 
sensitive  tumor  will  not  recognize  the  ADR-selected  tumor.  Drug 
selection  did  not  appear  to  alter  the  antigen  profile  of  the  tumor  as 
recognized  by  these  effectors  but  merely  increased  the  antigen  pres¬ 
entation. 

Immunoselection  with  CTLs  of  ADR-selected  Variants  In¬ 
creases  Drug  Sensitivity.  On  the  basis  of  findings  of  increased 
sensitivity  of  ADR-selected  variants  to  CTL-mediated  lysis,  we  hy¬ 
pothesized  that  selection  by  the  CTLs  may  result  in  the  elimination  of 
those  tumor  cells  with  greater  drug  resistance  potential.  If  this  hy¬ 
pothesis  is  correct,  then  the  resulting  population  of  CTL  escape  tumor 
variants  would  then  be  more  susceptible  to  the  cytotoxic  activity  of 
ADR.  To  test  this  hypothesis,  we  derived  CTL  escape  variants  by 
coculturing  the  drug-selected  cell  lines  with  CTLs.  We  then  compared 
the  ADR  sensitivity  of  the  CTL  escape  variants  with  that  of  both  the 
non-CTL-selected  drug-resistant  variants  (cultured  for  the  same  inter¬ 
val  in  the  absence  of  ADR)  and  the  drug-sensitive  parental  cell  lines 
in  MTT  assays.  As  shown  in  Fig.  2A,  the  non-CTL-selected  2774-DR 
cell  line  was  resistant  to  the  cytotoxic  activity  of  ADR  up  to  concen¬ 
trations  of  125  ng/ml.  The  parental  MDA  2774  cell  line  exhibited 
sensitivity  at  ADR  concentrations  as  low  as  8  ng/ml.  Interestingly,  the 
CTL-resistant  variant  derived  from  2774-DR  by  selection  with  CTL-B 
exhibited  an  ADR  sensitivity  profile  that  was  indistinguishable  from 
that  of  the  parental  MDA  2774  cell  line. 

We  repeated  the  experiment  with  CTL-E  and  the  SKOV3-DR  cell 
line,  which  share  HLA-B35.  Based  on  the  MTT  assay,  the  parental 
SKOV3  cell  line  appears  to  be  more  inherently  resistant  to  ADR  than 
MDA  2774,  exhibiting  sensitivity  only  at  high  concentrations  of  ADR 
(>250  ng/ml;  results  not  shown),  similar  to  the  profile  of  the  drug- 


4  8  16  31  62  125 

Adriamycin  Concentration  (ng/m!) 


Fig.  2.  Increased  drug-sensitivity  in  CTL-resistant  variants  of  the  ADR-selected  lines. 
ADR-selected  MDA  2774  (A)  and  SKOV3  (B)  cells  were  cultured  in  the  presence  (■)  or 
absence  (•)  of  HLA-matched  CTLs  (CTL-B  and  CTL-E,  respectively)  for  7  days.  Parental 
cell  lines  without  previous  ADR  exposure  (A)  were  cultured  under  identical  conditions  as  the 
nonimmunoselected  drug-selected  cell  lines.  The  subsequently  derived  tumor  cell  lines  were 
examined  in  drug  sensitivity  assays  as  described  in  “Materials  and  Methods.” 

selected  SKOV3-DR  cell  line.  Thus,  the  pattern  of  sensitivity  to  ADR 
was  in  the  range  of  4-125  ng/ml  (Fig.  25).  This  may  be  a  reflection 
of  prior  in  vivo  selection  with  chemotherapeutic  drugs,  which  is 
supported  by  the  observation  that  among  the  MHC  class  I+  cell  lines, 
SKV03  exhibited  the  lowest  increase  in  MHC  class  I  expression  with 
ADR  exposure  (Table  1).  Of  interest,  the  CTL-resistant  variant  of 
SKOV3-DR  was  sensitive  to  much  lower  concentrations  of  ADR  than 
were  the  SKOV3  and  SKOV3-DR  cell  lines.  Thus,  our  findings 
suggest  that  CTL-mediated  lysis  could  eliminate  those  cells  within  a 
tumor  population  that  are  more  resistant  to  ADR,  leaving  a  more 
susceptible  population. 

Discussion 


Effectors  Targets 


Fig.  1.  Increased  susceptibility  of  the  drug-selected  MDA  2774  tumor  cell  line  to 
CTL-mediated  lysis.  CTL-E  and  CTL-R  (A)  and  CTL-B  (B)  were  tested  for  lysis  of 
unselected  (ffl)  and  ADR-selected  {W)  211 A  tumor  cell  lines.  Additionally,  CTL-B  was 
tested  against  the  ADR-selected  MDA  211 A  cell  line  in  the  presence  of  anti-MHC  class 
I  antibody  (□)  as  well  as  against  the  MHC  class  I-  cell  line  MDA  MB453  (B). 


In  this  report,  we  present  novel  evidence  that  the  development  of 
resistance  to  chemotherapeutic  agents  such  as  ADR  is  associated  with 
the  increased  susceptibility  of  tumors  to  CTL  lysis.  This  is  paralleled 
by  an  increase  in  MHC  class  I  expression.  Increased  levels  of  MHC 
class  I  associated  with  drug  selection  resulted  in  an  increased  sensi¬ 
tivity  to  CTL-mediated  lysis.  Lysis  was  MHC  restricted  and  required 
MHC  expression.  Lysis  also  required  the  tumor  to  present  peptide 
antigen  to  be  recognized  by  TCR.  This  was  suggested  by  the  finding 
that  CTL-V,  which  could  not  lyse  the  MHC  class  I+  SKBR3  parental 
cell  line,  was  also  unable  to  lyse  the  drug-resistant  SKBR3-DR  cell 
line,  even  after  pretreatment  with  IFN-y.  Therefore,  the  increased 
sensitivity  to  lysis  of  drug-resistant  variants  seems  to  require  both  an 
intact  antigen  presentation  pathway  and  the  presence  of  antigen  rec¬ 
ognized  by  effectors. 

Immunoselection  by  coculture  of  drug-selected  tumors  with  CTLs 
resulted  in  the  reversion  of  the  surviving  tumor  cells  to  a  more 
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drug-sensitive  status.  However,  this  did  not  reflect  a  spontaneous 
reversion  of  escaping  tumors  to  a  sensitive  phenotype,  because  the 
same  cells  cultured  in  the  same  conditions  without  CTLs  were  far 
more  resistant  to  ADR.  Thus,  the  induction  of  reversion  of  drug 
sensitivity  is  likely  the  result  of  the  elimination  of  those  tumors 
expressing  the  MDR  phenotype  with  a  concomitantly  higher  level  of 
MHC  class  I.  If  exposure  to  a  chemotherapeutic  drug  selects  for  tumor 
cells  with  increased  expression  of  both  the  MDR  phenotype  and  MHC 
class  I,  it  follows  that  after  the  elimination  of  those  cells,  the  remain¬ 
ing  population  of  cells  will  have  a  lower  potential  for  expressing  the 
MDR  phenotype.  The  mechanisms  involved  in  the  increased  TAP/ 
MHC  class  I  expression  are  not  known  but  may  involve  common 
transcription  factors  and  intermediates  (adapter  proteins)  also  used  by 
the  proteins  encoded  by  the  drug  resistance  genes  MDR  and  MRP. 
NFkB  has  recently  been  demonstrated  to  be  involved  in  the  transcrip¬ 
tional  regulation  of  genes  in  the  mdr  family  (19)  as  well  as  the 
regulation  of  TAPI  expression  (20).  NFkB  activity  can  be  induced  by 
a  variety  of  stimuli,  including  cytotoxic  compounds  and  other  cellular 
stressors  (21).  The  concomitant  induction  of  stress  response  NFkB 
transcription  factors  in  response  to  cytotoxic  stress  may  therefore  play 
a  role  in  the  increased  expression  of  both  mdr  and  TAP.  Moreover,  the 
Raf-1  kinase,  which  activates  NFkB,  was  also  found  to  be  involved  in 
mdr  expression  (21,  22). 

It  is  important  to  emphasize  that  MHC  class  I  expression  does  not 
appear  to  be  required  for  the  development  of  the  drug-resistant  phe¬ 
notype  induced  by  ADR.  The  absence  of  a  requirement  for  MHC  class 
I  is  demonstrated  by  the  ability  to  select  the  MHC  class  1“  cell  line 
MDA  MB453  in  ADR.  The  drug-selected  variant  was  MHC  class  I~ 
as  well.  Thus,  genetic  changes  resulting  in  the  development  of  drug 
resistance  do  not  seem  to  result  in  changes  that  can  compensate  for 
existing  genetic  defects  in  MHC  class  I  expression.  We  also  did  not 
find  increased  expression  of  HER-2  and  ICAM-1,  making  it  unlikely 
that  these  play  a  role  in  the  increased  lysis  of  drug-selected  tumors  by 
CTLs. 

Together,  our  findings  suggest  a  possible  mechanism  for  synergy 
between  chemotherapeutic  agents  and  immunotherapy.  Chemother¬ 
apy  may  decrease  the  tumor  burden,  but  the  remaining  tumor  cells,  as 
shown  here,  will  express  increased  levels  of  MHC  class  I.  These 
remaining  cells  are  then  more  likely  to  be  recognized  and  eliminated 
by  tumor-specific  CTLs.  Furthermore,  CTLs  may  then  eliminate  those 
tumor  cells  with  a  higher  potential  for  chemotherapeutic  resistance, 
thus  sensitizing  the  tumor  population  for  a  subsequent  round  of 
chemotherapeutic  drug  exposure.  Repeated  rounds  of  sequential  che- 
moimmunotherapy  may  thus  result  in  enhanced  responses  through 
greater  reductions  in  tumor  burdens. 
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ABSTRACT 

The  immune  system  can  be  efficiently  stimulated  and 
targeted  to  specific  antigens  expressed  exclusively  or  pref¬ 
erentially  by  experimental  cancers.  The  foremost  limitations 
to  extending  this  vaccine  technology  to  the  prevalent  epithe¬ 
lial-derived  cancers  are  the  lack  of:  (a)  identified  tumor- 
associated  antigens  recognized  by  cellular  immunity;  (b) 
antigens  expressed  on  the  majority  of  tumor  cells  during 
disease  progression;  and  (c)  immunogenic  CTL  epitopes.  To 
date,  only  HER-2/neu  has  been  shown  to  be  the  source  of 
naturally  occurring,  MHC-restricted,  CTL-recognized  pep¬ 
tides  in  epithelial  tumors.  In  this  study,  we  demonstrate  that 
the  human  high-affinity  folate  binding  protein  (FBP),  which 
is  a  source  of  antigenic  peptides  recognized  in  ovarian  can¬ 
cer,  is  also  recognized  in  breast  cancer.  Both  immunodomi¬ 
nant  E39  (FBP,  191-199)  and  subdominant  E41  (FBP,  245- 
253)  epitopes  are  presented  by  HLA-A2  in  these  cancers. 
These  peptides  are  efficient  at  amplifying  the  response  of 
tumor-associated  lymphocyte  populations  in  terms  of  lytic 
function,  enhanced  proliferation,  and  specific  IFN-7  release. 
On  a  per  cell  basis,  tumor-associated  lymphocytes  stimu¬ 
lated  with  the  FBP  peptides  exhibit  enhanced  cytotoxicity 
not  only  against  peptide-loaded  targets  but  also  against 
FBP-expressing  epithelial  tumors  of  different  histologies. 
Furthermore,  FBP  peptides  induced  E39-specific  CTLs  and 
E39-  and  E41-specific  IFN-7  and  IP-10  secretion  in  certain 
healthy  donors.  The  broad  distribution  of  FBP  among 
>90%  of  ovarian  and  endometrial  carcinomas,  as  well  as 


Received  5/18/99;  revised  8/20/99;  accepted  9/5/99. 

The  costs  of  publication  of  this  article  were  defrayed  in  part  by  the 
payment  of  page  charges.  This  article  must  therefore  be  hereby  marked 
advertisement  in  accordance  with  18  U.S.C.  Section  1734  solely  to 
indicate  this  fact. 

1  This  work  was  supported  in  part  by  Grant  DAMD-17-94-J-4313  (to 
C.  G.  I.).  Peptide  synthesis  was  supported  in  part  by  Core  Grant  CA 
16672. 

2  To  whom  requests  for  reprints  should  be  addressed,  at  Department  of 
Surgery,  Walter  Reed  Army  Medical  Center,  Building  2,  5C27B,  Wash¬ 
ington,  DC  20307-5001.  Phone:  (202)782-9698;  Fax:  (202)  782-0759. 


20-50%  of  breast,  lung,  colorectal,  and  renal  cell  carcino¬ 
mas,  along  with  pronounced  differential  overexpression  in 
malignant  tissues  compared  with  the  extremely  limited  ex¬ 
pression  in  normal  epithelium,  suggests  the  exciting  poten¬ 
tial  of  a  widely  applicable  FBP-based  vaccine  in  epithelial 
cancers. 

INTRODUCTION 

Anticancer  vaccines  have  taken  many  forms,  from  whole 
tumor  cells  and  viral  oncolysates,  to  most  recently,  Ag3-specific, 
peptide-based  vaccines  (1-3).  The  practical  advantage  of  the 
former  is  that  the  actual  CTL-recognized  Ags  need  not  be 
known.  The  latter  approach  requires  precise  knowledge  of  the 
tumor  Ag  recognized  by  specific  antitumor  CTLs  (3).  For  vac¬ 
cination  purposes,  TAAs  may  be  partially  purified,  highly  pu¬ 
rified,  or  synthetic  in  nature.  The  synthetic  peptide  Ag  TAA 
vaccines  (or  genes  encoding  for  these  Ags)  should  theoretically 
offer  the  best  cancer  vaccines  by  delivering  the  immunogenic 
Ag(s)  capable  of  inducing  an  efficient,  specific,  tumor-protec¬ 
tive  immunity  without  interference  from  irrelevant  Ags.  The 
TAA  vaccines  can  be  easily  and  reproducibly  manufactured  and 
delivered  in  high  volumes  safely. 

To  extend  the  advances  in  vaccine  technology  to  the  vast 
problem  of  epithelial  cancers,  CTL-recognized  TAAs  must  be 
identified  first.  Such  TAAs  should  also  meet  the  criteria  of  high 
and  stable  expression  in  tumor  cells  of  a  large  number  of 
patients  during  disease  progression  to  allow  targeting.  To  date, 
only  the  protein  product  of  the  proto-oncogene  HER-2  and  the 
core  peptide  of  MUC-1  have  been  shown  to  be  a  source  of 
CTL-recognized  peptides  (4-7).  The  advantage  of  the  HER-2 
Ag  system  over  those  known  for  melanoma  is  that  it  is  ex¬ 
pressed  in  multiple  epithelial-derived  tumor  histologies  like 
breast,  ovarian,  pancreas,  and  non-small  cell  lung  carcinomas, 
making  a  HER-2  peptide-based  vaccine  potentially  widely  ap¬ 
plicable  (8-12).  However,  this  protein  is  only  overexpressed  in 
30%  of  breast  and  ovarian  cancers  and  less  in  others  (13). 

FBP  is  a  membrane-associated  glycoprotein  originally 
found  as  a  mAb-defined  Ag  in  placenta  and  trophoblastic  cells 
but  rarely  in  other  normal  tissues  (14-17).  Of  interest,  this 
protein  has  been  found  in  >90%  of  ovarian  and  endometrial 
carcinomas;  in  20-50%  of  breast,  colorectal,  lung,  and  renal  cell 
carcinomas;  and  in  multiple  other  tumor  types.  When  present  in 
cancerous  tissue,  the  level  of  expression  is  usually  >20-fold 
normal  tissue  expression  and  has  been  reported  to  be  as  high  as 


3  The  abbreviations  used  are:  Ag,  antigen;  TAA,  tumor-associated  Ag; 
FBP,  folate  binding  protein;  mAb,  monoclonal  antibody;  TAL,  tumor- 
associated  lymphocyte;  OvTAL,  ovarian  cancer-associated  TAL; 
BrTAL,  breast  cancer-associated  TAL;  HER-2,  HER-2/neu;  PBMC, 
peripheral  blood  mononuclear  cell:  DC,  dendritic  cell;  IL,  interleukin; 
APC,  Ag-presenting  cell. 
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80-90-fold  in  ovarian  carcinomas  (18).  Although  FBP  has  been 
investigated  extensively  as  a  target  of  humoral  immunity,  it  has 
only  recently  been  proposed  as  a  source  of  CTL-recognized 
peptides  in  ovarian  cancer  (19).  To  investigate  the  potential  role 
of  FBP  as  a  TAA  vaccine,  we  studied  whether  these  peptides  are 
antigenic  for  BrTALs  and  immunogenic  in  ovarian  cancer  pa¬ 
tients  and  healthy  donors.  We  investigated  whether  FBP  pep¬ 
tides  can  amplify  CTL-TALs  with  broad  tumor-killing  capabil¬ 
ities  and  activate  CTLs  from  healthy  donors. 

In  this  study,  we  demonstrate  that  two  FBP  peptides,  E39 
(191-199)  and  F41  (245-253),  are  recognized  by  freshly  cul¬ 
tured  OvTALs  and  by  BrTALs.  These  peptides  correspond  to 
naturally  processed  Ags  on  intact  tumor  cells.  Additionally,  FBP 
peptides  E39  and  E41  are  capable  of  CTL  stimulation  in  vitro , 
resulting  in  proliferation,  peptide- specific  cytokine  and  chemo- 
kine  release,  and  enhanced  cytotoxicity.  E39-stimulated  specific 
CTL-TALs  are  capable  of  lysing  multiple  tumors  with  different 
epithelial-derived  histologies.  Furthermore,  E39  could  stimulate 
PBMCs  to  induce  E3 9- specific  CTL  activity  when  presented  on 
DCs  from  healthy  donors.  Demonstration  of  E39  and  E41  im- 
munogenicity  may  be  significant  for  development  of  TAA  vac¬ 
cines  based  on  FBP. 

MATERIALS  AND  METHODS 

TAL  Cultures.  TALs  were  isolated  from  fresh  collec¬ 
tions  of  malignant  ascites  and  pleural  effusions  from  four  ovar¬ 
ian  and  two  breast  cancer  patients,  respectively,  under  the  ap¬ 
proval  of  the  Institutional  Review  Board.  Specimens  were 
processed  as  described  previously  (20).  Lymphocytes  and  tumor 
cells  were  separated  by  centrifugation  over  discontinuous  75%/ 
100%  Ficoll-Histopaque  (Sigma  Chemical  Co.,  St.  Louis,  MO) 
gradients.  Freshly  isolated  TALs  were  suspended  in  RPMI 1640 
containing  100  jxg/ml  L-glutamine  (Life  Technologies,  Inc., 
Grand  Island,  NY)  supplemented  with  10%  FCS  (Sigma),  40 
[xg/ml  gentamicin,  and  50-100  IU/ml  IL-2  (Cetus,  Emeryville, 
CA),  cultured  at  0.5-1 .0  X  106  cells/ml  in  a  humidified  incu¬ 
bator  at  37 °C  in  5%  C02,  and  maintained  at  this  concentration 
by  the  addition  of  media  and  IL-2  every  2-3  days,  depending  on 
the  growth  kinetics. 

Tumor  Targets.  The  SKOV3  ovarian  carcinoma  cell 
line  was  transfected  with  the  HLA-A2  expression  vector  RSV.5- 
neo  with  resulting  high  levels  of  HLA-A2  expression 
(SKOV3.A2)  as  described  (21).  The  SKBr3  breast  cancer  line 
was  similarly  transfected  with  the  HLA-A2  gene  (by  Drs.  M. 
Disis  and  M.  Cheever,  University  of  Washington,  Seattle,  WA) 
but  expresses  moderate  levels  of  HLA-A2  (SKBr3.A2)  when 
compared  with  SKOV3.A2.  Both  lines  were  maintained  in 
RPMI  1640  with  10%  FCS  and  250  jxg/ml  G418  (Sigma). 
SW480  is  an  established,  well-characterized  HLA-A2+  colon 
cancer  cell  line,  and  PAN-1  is  a  HLA-A2+  pancreatic  cancer 
cell  line.  SKBr3.A2,  SKOV3.A2,  and  SW480  express  HER-2 
with  decreasing  levels  in  this  order.  SKOV3.A2,  SW480,  and 
Panc-1  have  been  shown  to  express  FBP  (17,  19). 

Phenotype  Analysis.  The  HLA-A2  status  of  the  TALs 
and  tumor  lines  was  determined  by  indirect  staining  with  anti- 
HLA-A2  mAbs,  BB  7.2  and  MA  2.1  (American  Type  Culture 
Collection),  followed  by  goat  anti-mouse  mAb  conjugated  with 
FITC  (Becton  Dickinson,  Mountain  View,  CA),  and  analyzed 


on  a  Coulter  Epics  C  Flow  Cytometer  (Coulter  Electronics, 
Hileah,  FL).  HER-2  expression  was  tested  similarly  using  the 
Ab2  mAb  (Oncogene  Science,  Manhasset,  NY).  FBP  expression 
was  analyzed  using  the  MOvl8  mAb  generously  donated  by 
Centocor  (Malvern,  PA). 

Synthetic  Peptides.  The  FBP  sequence  was  interrogated 
for  potential  HLA-A2-binding  nonamers  using  the  known  bind¬ 
ing  motifs  for  this  molecule  (22).  Five  peptides  were  selected  for 
synthesis  based  on  the  presence  of  leucine,  isoleucine,  or  valine 
in  the  dominant  anchor  positions,  P2  and  P9,  and  their  potential 
to  form  amphiphilic  helices  (19).  Peptides  were  prepared  by  the 
Synthetic  Antigen  Laboratory  of  University  of  Texas  M.  D. 
Anderson  Cancer  Center.  Identity  and  purity  of  final  materials 
were  established  by  amino  acid  analysis  and  analytical  reverse 
phase-high  performance  liquid  chromatography.  All  peptides 
used  in  this  study  were  between  92  and  95%  pure.  The  symbols, 
position,  and  sequence  of  the  peptides  used  in  this  study  are  as 
follows:  E37  (FBP,  25-33)  RIAWARTEL;  E38  (FBP,  112-120) 
NLGPWIQQV;  E39  (FBP,  191-199)  EIWTHSTKV ;  E40  (FBP, 
247-255)  SLALMLLWL;  and  E41  (FBP,  245-253)  LLS- 
LALMLL.  All  of  these  peptides  are  low  to  moderate  binders, 
except  E38,  which  is  a  high-affinity  binder  to  HLA-A2.  The 
low-affinity  HLA-A2  binding  peptide  E71  (HER-2,  798-807) 
QLMPYGCLL  and  the  CTL  epitope  E75  (HER-2,  369-377) 
were  used  as  specificity  controls  (5). 

Cytotoxicity  Assays.  Cytotoxicity  was  determined  by 
standard  chromium-release  assays  as  described  previously  (20). 
Briefly,  tumor  targets  were  labeled  with  100-150  jxCi  of  so¬ 
dium  chromate  (51Cr;  Amersham,  Arlington  Heights,  IL)  for 
1.5  h  at  37°C,  washed  twice,  and  plated  at  2000-2500  cells/well 
in  100  pi  in  96-well,  V-bottomed  plates  (Costar,  Cambridge, 
MA).  Effectors  were  added  at  designated  E:T  ratios  in  100 
pl/well.  After  5-20  h  of  incubation,  100  pi  of  culture  superna¬ 
tant  were  collected,  and  51Cr  release  was  measured  on  a  y-coun- 
ter  (Gamma  5500B;  Beckman,  Fullerton,  CA).  All  determina¬ 
tions  were  done  in  triplicate  or  tetraplicate.  Results  are 
expressed  as  percentage  of  specific  lysis  as  determined  by: 

%  specific  lysis 

Experimental  mean  cpm  —  spontaneous  mean  cpm 
Maximum  mean  cpm  -  spontaneous  mean  cpm 

For  peptide-pulsed  cytotoxicity  assays,  the  T2  line  (gener¬ 
ously  donated  by  P.  Creswell,  Yale  University,  New  Haven,  CT) 
was  used  as  target.  T2  is  a  human  T-cell/B-cell  fusion  product 
containing  an  Ag-processing  defect  in  the  transporter-associated 
proteins  such  that  HLA-A2  molecules  are  empty  on  the  cell 
surface  or  contain  relatively  few  bound  peptides  that  can  be 
effectively  displaced  by  exogenous  HLA-A2-binding  peptides 
(23).  The  T2  cells  were  labeled  with  5ICr  as  above,  washed,  and 
then  incubated  with  peptide  for  1.5  h  at  37°C  prior  to  standard 
cytotoxicity  assays.  To  increase  the  sensitivity  of  detection  at 
low  E:T  ratios  by  uncloned  effectors,  20-h  CTL  assays  were 
used  in  parallel  with  the  5-h  assays.  T2  without  peptide  (T2-NP) 
was  also  used  as  a  control.  For  cold  target  inhibition  assays, 
unlabeled  T2  were  incubated  with  peptide  for  1.5  h  and  then 
added  to  standard  cytotoxicity  assays  with  chromium-labeled 
tumor  targets  and  effectors.  The  cold:hot  target  ratio  was  15:1. 
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CTL  Induction  Experiments.  Freshly  cultured  TALs 
were  plated  at  1  X  106  cells/ml  in  24- well  culture  plates  (Costar) 
in  RPMI  1640/10%  FCS  without  IL-2.  T2  cells  were  irradiated 
with  100  Gy  (Cesium  source),  washed,  and  incubated  with 
saturating  concentrations  of  individual  FBP  peptides  for  1.5  h 
prior  to  being  added  to  six  parallel  TAL  cultures  at  a  10-15:1 
responder: stimulator  ratio.  After  48  h,  50  IU/ml  of  IL-2  were 
added.  Medium  and  IL-2  were  then  added  every  2-3  days  as 
needed.  Parallel  control  cultures  were  established  with  T2-NP  in 
the  exact  same  manner.  After  1  week  in  culture,  cells  were 
counted,  and  the  proliferation  index  was  calculated  as  a  ratio  of 
peptide-stimulated  culture  cell  number  to  the  control  cultures 
stimulated  with  T2-NP.  This  approach  was  preferred  over  DNA 
synthesis  (thymidine  incorporation)  because  it  also  indicates  the 
viability  of  the  cells  after  stimulation. 

For  stimulation  with  E39  presented  on  DCs,  PBMCs  were 
collected  from  three  healthy  HLA-A2+  donors.  DCs  were  gen¬ 
erated  by  the  CD  14  method,  i.e.,  from  plastic  adherent  PBMCs 
after  culture  in  1000  units/ml  granulocyte/macrophage-colony 
stimulating  factor  and  500  units/ml  of  IL-4.  DCs  generated  by 
this  method  express  the  CD  13  marker,  high  levels  of  MHC-I, 
MHC-II,  CD86,  and  CD-54,  moderate  levels  of  CD40,  and  low 
levels  of  CD80  (24,  25).  This  phenotype  is  consistent  with 
immature  DCs,  which  can  uptake  large  amounts  of  Ags.  DCs 
were  pulsed  with  E39  at  50  jxg/ml  in  serum-free  medium, 
followed  by  tumor  necrosis  factor  a  (50  units/ml).  DC-E39  were 
used  as  stimulators  for  autologous  plastic  nonadherent  PBMCs 
at  a  ratio  of  1:25  (stimulator: responder).  IL-2  was  added  24  h 
later  in  all  cultures  at  60  IU/ml.  Cytotoxicity  assays  were  per¬ 
formed  as  above  at  1  week  from  the  last  stimulation. 

Cytokine  Assays.  Peptide-stimulated,  parallel-cultured 
TALs  were  replated  at  1  X  106  cells/ml  after  1  week  and 
restimulated  in  the  same  fashion  as  described  above.  Superna¬ 
tants  from  the  parallel  cultures  were  harvested  at  24  and  48  h 
prior  to  the  addition  of  IL-2  and  stored  at  —  20°C  until  analyzed. 
Supernatants  from  DC-E39-stimulated  PBMCs  were  also  col¬ 
lected  at  24  and  48  h.  Peptide-specific  cytokine  release  from  the 
TALs  was  measured  in  50  p.1  for  IFN-y  and  IL-4  at  the  two  time 
points  using  ELISA  kits  (BioSource,  Camarillo,  CA)  with  a 
sensitivity  of  4  pg/ml  according  to  the  manufacturer’s  instruc¬ 
tions.  Results  are  given  as  pg/ml  produced  by  1  X  106  cells. 

IP-10  ELISA.  The  ability  of  cells  to  secrete  IP- 10  in 
response  to  FBP  peptides  was  determined  by  culturing  PBMCs 
and  collecting  supernatants  at  corresponding  times.  The  levels 
of  IP- 10  secreted  were  determined  using  a  modified  sandwich 
ELISA  (R  &  D  Systems,  Minneapolis,  MN).  A  flat-bottomed, 
96- well  microtiter  plate  was  coated  with  100  |xl/well  of  mono¬ 
clonal  anti-human  IP- 10  (2  jLLg/ml  in  PBS,  pH  7.2)  for  24  h  at 
room  temperature.  The  plate  was  subsequently  washed  with 
PBS  (pH  7.4),  0.05%  Tween  20  and  then  blocked  with  3% 
ovalbumin,  5%  sucrose,  and  0.05  NaN3.  IP- 10  standards  were 
made  from  recombinant  human  IP- 10  in  a  solution  consisting  of 
Tris-buffered  saline  (TBS;  pH  7.3),  0.05%  Tween  20,  and  0.1% 
BSA  using  serial  dilutions.  One  hundred  p,l/well  of  the  stand¬ 
ards  and  the  cell  supernatants  were  plated  in  duplicate  and  left 
at  room  temperature  for  2  h.  After  washing  the  plate  three  times, 
100  pd/well  of  biotinylated  monoclonal  anti-human  IP-10  [100 
ng/ml  in  TBS  (pH  7.3),  0.1%  BSA]  was  added,  followed  after 
washing  by  100  jxl/well  of  streptavi din-peroxidase  conjugate. 


Fig.  1  Freshly  cultured  OvTALs  and  BrTALs  recognize  FBP  peptides. 
A,  HLA-A24*  BrTAL-1  isolated  from  a  pleural  effusion,  cultured  in  IL-2 
without  specific  stimulation,  was  tested  for  recognition  of  FBP  peptides 
E37,  E39,  and  E40  ( B ).  The  experiments  shown  in  Fig.  1 A  were 
performed  using  the  same  culture  as  effectors  at  8  days  from  each  other. 
Peptides  were  used  at  25  p-g/ml  in  A  and  50  jxg/ml  in  B.  E:T  ratios  were 
20:1  and  30:1,  respectively.  C,  OvTALs  were  tested  for  recognition  of 
FBP  peptides  (E37-E41)  or  no  peptide  (T2-NP)  as  a  negative  control. 
The  5-h  51Cr-release  assays  were  performed  in  triplicate  at  an  E:T 
ratio  of  20: 1  and  repeated  two  to  four  times  for  each  effector.  Pooled 
data  with  four  OvTAL  populations  in  12  independent  assays  dem¬ 
onstrate  E39  to  be  the  most  consistently  recognized  FBP  peptide.  E40 
and  E41  were  recognized  by  some  TALs  (n  =  2)  but  not  others.  The 
results  are  expressed  as  percentage  of  specific  lysis  (*,  P  <  0.05 
versus  NP);  bars,  SE. 


Chromogen  substrate,  100  pil/well,  consisted  of  DMSO  and 
H2S04.  Plates  were  read  at  450  nm  in  an  automated  microplate 
reader  (Bio-Tek  Instruments,  Inc.,  Richmond,  CA).  Standard 
dilutions  of  IP- 10  ranged  from  4000  to  15.6  pg/ml.  This  method 
consistently  detected  IP- 10  concentrations  >31.25  pg/ml  in  a 
linear  fashion. 

RESULTS 

Ovarian  and  Breast  Cancer-associated  Lymphocytes 
Recognize  FBP  Peptides.  The  isolated  TALs  from  breast 
cancer  patients  were  cultured  in  medium  containing  IL-2  with¬ 
out  restimulation  with  autologous  tumor.  Cytotoxicity  assays 
using  peptide- loaded  T2  cells  as  targets  were  performed  with  the 
TALs  within  7-14  days  of  culture  initiation  to  limit  the  in  vitro 
expansion  of  irrelevant  clones.  One  of  two  BrTALs,  designated 
BrTAL-1,  recognized  E39.  The  results  in  Fig.  1A  show  specific 
recognition  by  BrTAL-1  of  FBP  peptide  E39  compared  with 
another  FBP  peptide,  E37,  or  control  T2  cells,  which  were  not 
pulsed  with  peptide  (T2-NP).  The  presence  of  CTLs  with  this 
epitope  specificity  was  confirmed  by  retesting  the  E39  recogni¬ 
tion  8  days  later  (Fig.  IB)  at  higher  E:T  ratio  (30:1)  and  higher 
Ag  concentration  (50  [xg/ml).  These  results  indicated  that  the 
E39  specificity  is  present  in  vivo  among  the  breast-associated 
CTLs  and  stable  within  the  first  3  weeks  of  culture. 

OvTALs  were  also  screened  for  FBP  peptide  reactivity. 
Four  of  four  OvTALs  recognized  FBP  peptides.  We  found  that 
among  the  FBP  peptides,  E39  was  recognized  most  consistently 
by  the  four  OvTALs.  Fig.  1C  shows  the  pooled  results  of 
experiments  using  as  effectors  fresh  OvTAL  cultures.  E37,  a 
low  affinity  binder,  and  E38,  a  high  affinity  binder,  were  not 
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Fig.  2  E39  (FBP,  191-199)  reconstitutes  an  epitope  corresponding  to  a 
naturally  processed  and  presented  Ag  in  ovarian  cancer.  Cold  target 
inhibition  assays  were  performed  with  OvTAL- 1  ( A  and  B )  and 
OvTAL-4  (C  and  D).  T2  loaded  with  E37  (negative  control  peptide;  A), 
E39  (H),  or  no  peptide  NP  (O,  □)  were  tested  at  a  cold:hot  ratio  of  15:1 
for  inhibition  of  the  recognition  of  the  ovarian  cancer  cell  line 
SKOv3.A2  by  OvTALs  at  E:T  ratios  of  10  and  20:1  in  5-h  ( B  and  D )  and 
20-h  (A  and  C)  assays.  Results  are  expressed  as  percentage  of  specific 
lysis. 


significantly  recognized  in  these  assays  and,  therefore,  served  as 
internal  specificity  controls.  E41  was  highly  recognized  by  two 
of  four  OvTALs  tested  and  one  of  two  BrTALs.  The  recognition 
of  these  peptides  by  freshly  cultured,  in  vitro  unstimulated  TALs 
documents  the  presence  of  precursor  CTLs  specific  for  these 
epitopes  in  vivo,  suggesting  in  vivo  priming  to  these  Ags.  E39 
(FBP,  191-199)  appears  to  be  an  immunodominant  CTL 
epitope.  The  overlapping  peptides  E40  (FBP  247-255)  and  E41 
(FBP  245-253)  form  a  subdominant  CTL  epitope,  because  both 
induced  CTL  recognition.  E41  was  better  recognized  than  E40, 
and  its  level  of  recognition  was  comparable  with  E39  (19). 

FBP  Peptide  E39  Is  a  Naturally  Processed  Ag.  To 
determine  whether  E39  reconstitutes  CTL  epitopes  that  are 
presented  on  ovarian  tumor  cells,  cold  target  inhibition  assays 
were  performed.  T2  pulsed  with  E39  (T2-39)  were  used  to 
block  the  recognition  of  TAL  populations  for  the  ovarian  cancer 
cell  line,  SKOV3.A2.  T2-39,  but  not  T2-37  or  T2-NP,  effec¬ 
tively  inhibited  the  tumor  lysis  by  OvTAL- 1  (Fig.  2,  A  and  B) 
and  OvTAL-4  (Fig.  2,  C  and  D)  in  5  h  (Fig.  2,  B  and  D)  and  20  h 
(Fig.  2,  A  and  Q  cytotoxicity  assays  (P  <  0.05).  The  inhibitory 


effects  of  T2/E39  increased  over  time,  between  5  and  20  h, 
suggesting  that  the  recognition  of  the  epitope  formed  by  E39 
was  not  transient  or  nonspecific.  These  experiments  were  re¬ 
peated,  and  the  results  were  confirmed  (data  not  shown).  These 
findings  suggest  that  the  CTLs  specific  for  the  E39  epitope 
contribute  significantly  to  the  recognition  of  this  ovarian  cancer 
cell  line.  Furthermore,  these  data  demonstrate  that  FBP-derived 
peptides  are  naturally  processed  Ags.  The  fact  that  the  levels  of 
lysis  were  low  at  5  h  but  significantly  increased  over  time 
suggested  that:  (a)  FBP-specific  CTLs  may  be  present  at  low 
frequency  in  TALs;  and/or  ( b )  FBP-specific  CTLs  represent 
memory  effectors  that  require  restimulation  for  high  expression 
of  CTL  function  (26). 

Induction  of  Proliferation  and  Specific  IFN-y  Release 
by  FBP  Peptides  E39  and  E41.  The  results  (Figs.  1  and  2) 
indicate  the  presence  of  FBP-specific  CTLs  in  TALs  that  ex¬ 
press  low  levels  of  recognition  of  tumor  Ags.  This  raised  the 
question  of  whether  CTL  functions  can  be  amplified.  To  address 
this  question,  we  used  T2  cells  as  APCs  because  they  can  be 
exogenously  loaded  with  peptides.  Except  for  low  concentra¬ 
tions  of  IL-2  added  48  h  after  stimulation,  no  other  costimula¬ 
tory  agents  or  CTLs  supporting  cytokines  were  used  to  assess 
the  sensitivity  of  these  CTL-TALs  to  peptide  stimulation.  Short¬ 
term  cultured  TALs  were  split  into  parallel  cultures  and  stimu¬ 
lated  with  irradiated  T2  loaded  with  either  E37,  or  E39,  or  E41, 
or  NP  as  a  control.  E41  was  chosen  over  E40  as  the  subdominant 
epitope  to  study  because  of  its  better  recognition  by  TALs.  E40 
and  E41  differ  by  only  two  terminal  residues.  Because  E41  is 
recognized  more  frequently  and  better  than  E40,  we  hypothe¬ 
sized  that  E41  forms  a  more  closely  related  epitope  recognized 
by  TALs  than  E40.  Because  T2  are  allogeneic  to  the  responders, 
a  certain  level  of  allospecific  proliferation  and  cytokine  secre¬ 
tion  to  T2-NP  was  expected.  For  this  reason,  T2E-37  was  used 
as  an  additional  internal  specificity  peptide  control.  One  week 
later,  cells  in  these  cultures  were  counted,  and  proliferation 
indexes  were  determined  as  compared  with  the  T2-NP-  and 
T2E-37-stimulated  cultures.  Fig.  3A  shows  the  effects  of  E39 
and  E41  stimulation  on  OvTAL- 1  and  OvTAL-2  numbers.  Both 
peptidds  induced  enhanced  TAL  proliferation  over  the  level 
observed  with  T2-NP  in  both  populations  (P  <  0.05);  E39  was 
superior  to  E41  in  OvTAL- 1,  whereas  E41  was  better  than  E39 
in  inducing  OvTAL-2  proliferation.  This  suggested  differences 
in  precursor  frequency  and  state  of  activation  between  the 
responders  in  these  cultures. 

To  determine  whether  FBP  peptide  stimulation  induces 
cytokine  production,  we  determined  the  levels  of  IFN-y  and 
IL-4.  E39  and  E41  induced  specific  IFN-y  release  in  peptide- 
stimulated  OvTAL.  Both  E39-  and  E41 -stimulated  OvTAL-2 
demonstrated  peptide- specific  IFN-y  production  at  24  h  (not 
shown),  and  the  IFN-y  release  increased  at  48  h  (Fig.  3 B). 
Similar  results  were  obtained  with  OvTAL-1.  No  IL-4  was 
produced  in  response  to  these  peptides  in  either  TAL  culture 
(Fig.  3 B).  These  findings  suggest  that  the  FBP  peptides  have  the 
ability  to  activate  IFN-y  secretion,  which  may  be  relevant  for 
the  cytokine-mediated  effector  pathway.  These  results  also  show 
that  IFN-y  production  does  not  parallel  OvTAL  proliferation. 
E39  was  a  weaker  stimulator  of  OvTAL-2  proliferation  than 
E41;  however,  the  IFN-y  levels  induced  by  each  peptide  were 
similar. 


4218  Immunogenic  Folate  Binding  Protein  Epitopes 


Fig.  3  Stimulation  with  FBP  peptides  results  in  enhanced  OvTAL  proliferation  and  IFN-y  release  and  cytotoxicity.  A,  OvTAL-1  and  OvTAL-2 
respond  differently  to  E39  and  E41.  OvTALs  were  cultured  in  parallel  and  stimulated  with  irradiated  T2  loaded  with  E39,  E41,  or  no  peptide  (NP). 
Cell  counts  were  performed  after  1  week.  Results  are  expressed  as  proliferation  index.  B,  OvTAL-2  demonstrate  peptide-specific  IFN-y  release. 
Parallel  cultures  of  OvTAL-2  stimulated  with  T2  loaded  with  E37,  E39,  E41,  and  NP  were  replated  at  1  X  106  cells/ml  in  1  ml  and  restimulated  with 
T2  and  the  corresponding  peptides  E39,  E41,  E37,  or  T2-NP.  IFN-y  and  IL-4  were  measured  48  h  later.  This  result  is  representative  of  replicated 
experiments.  C,  enhanced  cytotoxicity  after  FBP  peptide  stimulation.  OvTALs  1-4  were  stimulated  in  parallel  with  irradiated  T2  loaded  with  E39 
or  NP.  Recognition  of  E39  was  assessed  in  standard  CTL  assays  after  1  week  at  an  E:T  of  10:1.  Results  are  expressed  as  percentage  of  specific  lysis 
(*,  P  <  0.05  versus  NP);  bars,  SE. 


Enhanced  Cytotoxicity  of  FBP  Peptide-stimulated 
TALs.  One  week  after  primary  E39  stimulation,  the  TAL 
cultures  were  evaluated  for  specific  Ag  recognition.  We  used 
lower  E:T  ratios  (5:1)  than  in  the  assays  with  fresh  TALs  on  the 
rationale  that  if  there  was  an  increase  in  specific  CTLs  com¬ 
pared  with  the  original  levels,  elicitation  of  specific  recognition 
should  be  detected  when  fewer  effectors  were  used.  Two  of  four 
TAL  populations  (OvTAL-1  and  OvTAL-4)  revealed  an  in¬ 
crease  in  lytic  activity,  on  a  per  cell  basis,  for  E39  compared 
with  parallel  cultures  stimulated  with  T2-NP  (Fig.  3 C),  whereas 
OvTAL-3  was  resistant.  These  results  show  individual  related 
differences  in  the  responsiveness  of  OvTAL  to  E39  and  E41 
when  presented  on  T2  cells.  These  results  indicate  a  requirement 
for  the  relevant  peptide  for  CTL-TAL  expansion  and  expression 
of  the  lytic  function.  OvTAL-2  stimulated  with  E39  showed 
weak  specificity  for  E39  (<25%  increase  over  controls).  E41- 
stimulated  OvTAL-2  also  exhibited  marginal  specificity  to  E41 
(38%  increase  over  control  T2-E37;  data  not  shown).  In  terms  of 
amplification  of  CTL  activity,  OvTAL-2  and  OvTAL-3  were 
considered  nonresponders.  OvTAL-2  responded  to  E39  and  E41 
with  similar  high  levels  of  IFN-y,  preferential  proliferation  to 
E41  versus  E39,  but  poor  activation  of  CTL  activity.  Because 
under  conditions  of  allogeneic  stimulation,  which  are  expected 
to  amplify  an  alloreactive  response,  restimulation  of  TALs  with 
the  self-peptide  E39  succeeded  in  amplifying  a  CTL  response  to 
the  tumor,  E39  is  immunogenic. 

Epithelial  Tumor  Lysis  by  FBP  Peptide-stimulated 
TALs.  In  separate  experiments,  OvTAL-1  and  OvTAL-2 
stimulated  twice  by  FBP  peptide-loaded  T2  over  2  weeks  were 
evaluated  for  recognition  of  multiple  tumor  targets  at  an  even 
lower  E:T  ratio  of  (2.5:1)  compared  with  the  previous  experi¬ 
ments.  To  establish  whether  E39  stimulation  enhances  recogni¬ 
tion  of  SKOV3.A2  (HER-2hl,  FBP+),  we  used  as  effector 
OvTAL-1  stimulated  with  T2-E39  and  T2-E41,  or  with  T2-NP 
and  T2-E37  as  controls.  The  results  (Fig.  4 A)  show  that  T2-E39 
stimulated  OvTAL-1  recognized  SKOV3.A2  at  significantly 


higher  levels  than  control  (T2-NP/E37)-stimulated  OvTAL-1. 
Of  interest,  the  levels  of  SKOV3.A2  lysis  observed  with  1  X 
104  effectors  in  this  assay  were  similar  with  the  levels  observed 
with  8  X  104  unstimulated  effectors  of  the  same  line  (Fig.  2), 
indicating  that  E39  stimulation  lead  to  an  enrichment  in  E39- 
specific  effectors.  The  recognition  of  FBP-expressing  epithelial 
tumors  was  verified  by  using  as  targets  lines  expressing  differ¬ 
ent  levels  of  HER-2.  OvTAL-1  lysed  SKOV3.A2,  SW480,  and 
the  pancreatic  line  PAN-1  significantly  better  than  SKBR3.A2 
(Fig.  4 B). 

Lysis  of  these  targets  appeared  not  to  be  dependent  on  the 
levels  of  HER-2.  SKOV3.A2  expresses  significantly  higher 
levels  of  HER-2  than  SW480  and  PAN-1.  However,  all  three 
lines  were  recognized  at  similar  levels  by  OvTAL-1.  SKBR3.A2 
expresses  similar  HLA-A2  levels  as  PAN-1  and  SW480.  The 
HLA-A2  levels  in  these  targets  are  lower  than  of  SKOV3.A2. 
SKBR3.A2  expresses  higher  levels  of  HER-2  than  SKOV3.A2. 
SKBR3.A2  was  lysed  only  marginally  by  E39-stimulated 
OvTAL-1.  Because  all  of  these  tumors  express  HER-2,  one 
might  suggest  that  this  Ag  system  is  being  recognized,  although 
one  would  expect  less  HER-2  recognition  of  the  lower  HER-2- 
expressing  tumor  SW480  and  higher  recognition  of  SKBR3.A2. 
This  was  not  seen  in  these  experiments.  In  Western  blotting 
using  MOV  18  mAb,  we  detected  very  low  levels  of  FBP  in 
SKBR3.A2  cells,  compared  with  SKOV3.A2.  Thus,  the  increase 
in  lysis  of  SKOV3.A2  versus  SKBR3.A2  by  E39-stimulated 
OvTAL-1  is  supportive  of  the  hypothesis  of  recognition  of  E39 
or  of  structurally  similar  epitope  rather  than  of  HER-2. 

To  verify  whether  tumor  recognition  is  dependent  on  stim¬ 
ulating  Ags,  we  tested  the  same  targets  for  lysis  by  the  weak 
responder  OvTAL-2  restimulated  with  E39  and  E41  or  with  E37 
as  control.  Results  in  Fig.  4C  show  that  E39  and  E41  were  weak 
stimulators  of  OvTAL-2  cytotoxicity  for  tumors  compared  with 
OvTAL-1.  However,  OVTAL-2  stimulation  with  E41  increased 
recognition  of  SKOV3.A2,  although  marginally  over  the  recog¬ 
nition  by  E37-stimulated  OvTAL-2.  In  contrast,  E39  stimulation 
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Fig .  4  FBP  peptide-stimulated  OvTALs  recognize  tumors  of  different  histologies.  A,  OvTAL-1  was  stimulated  in  parallel  with  irradiated  T2  loaded 
with  E37,  E39,  E41,  or  NP  twice  at  weekly  intervals  and  tested  at  the  same  E:T  ratio  (2.5:1)  for  lysis  of  SKOV3.A2.  B,  E39-stimulated  OvTAL-1 
recognize  FBP-expressing  tumors  of  different  histologies:  breast  SKBr3.A2  (HLA-A2low,  HER-2/neuhlgh,  FBP  ),  □;  ovarian  SKOv3.A2  (HLA- 
A2high,  HER-2/neuhigh,  FBP+),  W\  colon  SW480  (HLA-A2low,  HER-2/neulow,  FBP+),  ■;  and  pancreas  PAN-1  (HLA-A2low,  HER-2/neuhigh,  FBP+), 
■.  C,  OvTAL-2  stimulated  twice  at  weekly  intervals  with  irradiated  T2  loaded  with  E37,  E39,  or  E41  were  tested  for  recognition  of  tumor  targets 
expressing  FBP.  Results  are  expressed  as  percentage  of  specific  lysis;  bars,  SE.  All  TAL-1  cultures  were  tested  in  standard  20-h  cytotoxicity  assays 
at  an  E:T  ratio  of  2.5:1. 


increased  recognition  of  SW480  compared  with  stimulation 
with  E41  or  E37.  These  results  support  the  possibility  of  differ¬ 
ences  in  epitope  presentation  by  these  tumors. 

Stimulation  of  PBMCs  from  Healthy  Donors  with  DC- 
E39  Induces  E39-specific  CTL  Activity  IFN-y  and  IP-10 
Production.  The  results  presented  above  demonstrated  that 
E39  and  E41  can  stimulate  effector  functions  in  OvTAL.  How¬ 
ever,  for  preventative  vaccination  approaches,  the  ability  of  a 
tumor  peptide  to  stimulate  CTLs  from  peripheral  T  cells  of 
healthy  donors  is  an  important  factor  in  considering  its  immu- 
nogenicity.  To  address  whether  E39  can  activate  CTL  activity 
from  healthy  donor  PBMCs,  we  used  an  autologous  system.  In 
this  system,  the  autologous  PBMC-derived  DCs  were  used  as 
APCs.  The  results  of  primary  stimulation  with  E39  pulsed  DCs 
(DC-E39)  are  shown  in  Fig.  5.  We  used  three  different  donors  to 
ensure  that  the  results  are  relevant.  The  HER-2  peptide  E71  was 
used  as  specificity  control,  because  it  binds  HLA-A2  with  very 
low  affinity,  lower  than  E39,  and  it  is  not  recognized  by  HER- 
2-specific  CTL-TALs  (5).  Its  presence  in  the  assay  aimed  to 
balance  the  exogenous  E39  concentration  delivered  to  T2  cells. 
The  results  of  primary  stimulation  show  an  individual-depen¬ 
dent  pattern  of  lytic  responses  to  activation  by  E39.  Donor  1 
responded  with  weak  E39-specific  CTL  activity,  donor  2  re¬ 
sponded  with  high  levels  of  E39-specific  CTL  activity,  whereas 
donor  3  showed  no  response  to  E39  in  a  5-h  CTL  assay.  The 
presence  of  activated  E39-specific  CTLs  was  confirmed  in  do¬ 
nor  3  by  retesting  the  CTL  lysis  in  a  20-h  assay.  These  results 
indicate  that  E39  precursors  are  present  in  the  peripheral  blood 
of  healthy  donors,  and  in  a  fraction  of  donors,  they  can  be 
rapidly  activated  by  peptide  to  exhibit  E39-specific  lysis. 

To  determine  whether  DC  peptide  stimulation  can  induce 
IFN-y,  PBMCs  from  donor  1  were  stimulated  in  a  separate 
experiment  with  DC-E39  and  DC-E41.  DC-NP  and  DC-E75 
(HER-2  peptide)  were  used  as  negative  and  positive  controls, 
respectively.  The  results  (Fig.  6)  show  that  E41  was  more  potent 
than  E39  in  induction  of  IFN-y  from  T  cells  of  this  donor  within 
48  h  after  primary  stimulation.  IFN-y  levels  secreted  in  response 
to  E41  were  similar  to  levels  induced  by  E75.  The  weak  IFN-y 


Fig.  5  E39  recognition  by  primary  E39-stimulated  PBMCs  from  three 
healthy  donors.  Autologous  DCs  were  used  as  APCs.  T2  cells  were 
pulsed  with  E39  (A)  or  control  E71  (O)  peptide  at  25  pg/ml.  Results  are 
from  5-h  (A-C)  and  20-h  ( D )  CTL  assays.  Experimental  conditions  are 
as  described  in  “Materials  and  Methods.” 


stimulatory  ability  of  E39  was  confirmed  with  another  donor 
(data  not  shown).  IFN-y  production  in  response  to  E39  and  E41 
was  not  detected  within  the  first  6  h  of  peptide  stimulation, 
suggesting  that  activated  E39/E41 -specific  CTLs  are  not  present 
in  this  healthy  donor. 
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Fig.  6  A,  E39  and  E41  induced  IFN-y  from 
isolated  CD8+  cells  of  healthy  donors.  Peptides 
were  presented  by  autologous  CD14-derived 
DCs  for  48  h  in  the  absence  of  IL-2  or  IL-12. 
E75  at  the  same  concentration  was  used  as  pos¬ 
itive  control.  B  and  C,  E39  and  E41  at  50  p-g/ml 
rapidly  induce  IP- 10  from  isolated  CD8+  cells 
(B)  or  isolated  PBMCs  from  distinct  healthy 
donors.  Results  indicate  pg/ml,  106  cells.  HER-2 
peptide  E75  was  used  as  a  positive  control. 


Peptide 


Peptide 


Peptide 


Because  different  CD8+  functions  are  sensitive  to  different 
levels  of  Ags,  we  determined  in  parallel  from  the  same  culture 
supernatants  the  presence  of  the  antiangiogenic  chemokine  IP- 
10.  IP- 10  was  detected  within  6  h  of  stimulation  from  this  donor 
in  response  to  both  E39  and  E41  (Fig.  6B).  Induction  of  IP- 10  by 
E39  and  E41  was  confirmed  with  a  second  donor  (Fig.  6Q. 
There  were  differences  in  the  levels  of  response  to  E39  and  E41 
between  these  two  donors,  suggesting  that  factors  independent 
of  the  peptide  sequence  control  the  immunogenicity  of  FBP 
epitopes.  These  results  indicate  that  E39  and  E41  are  immuno¬ 
genic  and  can  activate  distinct  effector  functions  in  PBMCs 
from  healthy  donors,  a  property  that  makes  FBP  valuable  for 
cancer  vaccine  development. 

DISCUSSION 

In  this  study,  we  found  that  freshly  cultured  ovarian  and 
breast  TALs,  not  previously  subjected  to  Ag  stimulation 
(anti-CD3,  autologous  tumor)  in  vitro ,  recognize  FBP  pep¬ 
tides,  and  most  consistently  E39  (FBP,  191-199).  Cold  target 
inhibition  studies  demonstrated  that  the  antigenic  peptides 
E39  and  E41  are  naturally  expressed  epitopes  on  ovarian 
cancer  cells.  Together,  these  data  prove  that  FBP  functions  as 
a  TAA  recognized  by  CTL-mediated  immunity  in  these  can¬ 
cers.  Both  immunodominant  and  subdominant  epitopes  have 
been  described  for  the  HER-2  protein  (4,  5).  This  concept 
also  holds  for  FBP,  with  E39  serving  as  an  immunodominant 
peptide  with  the  most  consistent  and  highest  level  of  recog¬ 
nition  among  consecutive  TAL  populations.  E41  appears  to 
be  a  subdominant  epitope  with  high  levels  of  recognition 
among  some  ovarian  and  breast  TAL  cultures  but  not  others. 
These  observations  are  important  for  understanding  the  T- 
cell  repertoire  responding  to  a  processed  tumor  (self)  Ag. 
Identification  of  two  CTL  epitopes  on  FBP  may  proffer  a 
selective  advantage  for  its  use  for  cancer  vaccination  studies 
because  FBP  is  expressed  in  outbred  populations.  In  other 
systems  of  immunological  disease  under  CD8+  cell  control, 
shifts  in  epitope  dominance  have  been  described  recently  and 
may  be  favorable  or  unfavorable  predictors  of  disease  out¬ 
come  (27).  Therefore,  strategies  to  enhance  immunity  to 
tumors  may  need  to  be  adjusted  based  on  the  presence  of 
individual  epitopes  (27). 


Analysis  of  FBP  peptide  immunogenicity  indicated  that 
E39  has  the  ability  to  activate  both  major  CTL  effector  functions 
from  TALs,  i.e.,  cytolysis  and  cytokine  (IFN-y)  secretion.  The 
stimulatory  effects  on  cytolysis  were  evident  in  two  of  four 
OvTALs  tested.  E39  and  E41  peptide-stimulated  CTLs  were 
capable  of  lysing  FBP-expressing  tumors  of  different  histolo¬ 
gies,  i.e.,  ovarian,  colon,  and  pancreas.  These  tumors  have  been 
shown  by  different  groups  using  biochemical,  immunohisto- 
chemical,  and  binding  approaches  to  express  FBP  (16).  E39- 
stimulated  OvTALs  not  only  could  recognized  allogeneic  HLA- 
A2+  ovarian  cancer  cells  but  also  lysed  other  FBP-expressing 
HLA-A2+  epithelial  colon  and  pancreatic  cells.  A  common 
feature  of  E39-  and  E41 -specific  TALs  was  that  they  induced 
low  levels  of  lysis  in  short  term  (5-h)  assay  but  high  levels  of 
lysis  in  long  20-h  assays.  We  do  not  know  at  this  time  whether 
this  reflects  the  low  density  of  E39/E41 -specific  CTLs  in  TALs 
or  high-density,  FBP-specific  CTLs  that  lyse  targets  using  pre¬ 
dominantly  the  Fas-FasL  instead  of  the  perforin  pathway  (28). 

In  developing  an  immune  response  to  cancer,  the  critical 
test  of  vaccination  strategy  is  the  ability  of  the  Ag  to  activate 
primary  responses  by  naive/resting  effectors.  This  requires 
significantly  stronger  signaling  by  Ags  and  costimulation 
than  activation  of  memory  responses  or  restimulation  of 
established  effector  CTL  clones  {i.e.,  from  CTL-TALs;  Ref. 
29).  Primary  in  vitro  stimulation  of  T  cells  from  PBMCs  of 
healthy  donors  with  autologous  DCs  pulsed  with  E39  resulted 
in  induction  of  specific  recognition  of  E39  in  cytolytic  as¬ 
says,  in  addition,  because  it  stimulated  both  IFN-y  and  IP- 10 
secretion.  The  latter  was  more  sensitive  than  IFN-y  secretion 
to  FBP.  Because  IP- 10  and  other  non  ELR-CXC  chemokines 
have  been  implicated  in  angiostasis  and  tumor  regression 
(30),  our  results  indicate  that  FBP  may  bear  a  significant 
immunogenic  potential.  The  fact  that  IP- 10  was  detected  at  a 
time  (6  h)  when  IFN-y  in  culture  was  not  detectable  deserves 
further  consideration.  Another  possibility  is  that  low  levels  of 
IFN-y  were  absorbed  or  consumed.  Another  possibility  is 
that  IP- 10  induction  in  CD8+  cells  may  not  require  IFN-y, 
because  it  was  demonstrated  that  IFN-y  is  not  absolutely 
necessary  for  in  vivo  IP- 10  expression  (31).  Furthermore, 
stimulation  of  OvTALs  with  DC-E39  resulted  in  rapid  am¬ 
plification  of  OvTAL  specificity  for  E39  compared  with 
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control  DC-NP  stimulation.4  These  results  indicate  that  E39 
is  immunogenic,  in  vitro ,  in  peptide  form  when  DCs  are  used 
as  APCs,  and  activation  induced  by  E39  and  E41  may  con¬ 
dition  the  environment  for  type  1  cytokine  response  by  at¬ 
tracting  CD4+  cells  of  Thl  phenotype  (32).  This  response 
may  protect  from  Th2  cytokine-induced  tolerance. 

In  contrast  with  E39,  E41  activated  IFN-y  production  in 
both  PBMCs  and  TALs,  but  its  stimulatory  effects  on  cytolysis 
were  weak.  It  should  be  noted  that  both  E39  and  E41  stimulated 
TAL  proliferation.  This  suggests  that  E39  and  E41  may  have 
distinct  effects  in  activation  of  different  effector  functions.  The 
weak  IFN-y  response  induced  by  E39  compared  with  E41  may 
indicate  that  memory  E39-specific  CTLs  are  present  with  low 
frequency  in  healthy  donors  (26),  but  also  that  E41  has  a 
stronger  activating  ability  of  APC/T  cells  for  IFN-y  production. 
The  reasons  for  the  different  effects  of  E39  and  E41  in  activa¬ 
tion  of  CTL  effector  functions  are  under  investigation.  E41 
binding  affinity  to  HLA-A2  is  only  slightly  lower  than  E39. 
Furthermore,  OvTALs  recognized  E39  and  E41  at  similar  lev¬ 
els,  but  E39  specificity  was  detected  more  frequently  in  four  of 
four  versus  two  of  four  TALs,  respectively.  It  is  possible  that  the 
resistance  of  certain  TALs  to  stimulation  by  E41  (and  some¬ 
times  by  E39)  reflects  the  presence  in  these  patients  of  func¬ 
tionally  silenced  CTL  clones.  Thus,  E41  -specific  CTLs  may  be 
tolerized  more  frequently  or  more  extensively.  Such  CTLs  are 
currently  described  in  studies  with  conventional  Ags,  whereas 
attempts  are  being  made  to  devise  approaches  to  reactivate  their 
silenced  functions  (27,  29).  The  facts  that  the  functional  silenc¬ 
ing  of  these  clones  is  attributed  to  either  Ag  stimulation  in  the 
absence  of  costimulation  (29)  or  lack  of  epitope-specific  helper 
CD4+  cells  (33),  or  cytokine  (IL-4,  IL-10,  and  transforming 
growth  factor  p)-induced  tolerance  (34)  may  be  relevant  to  the 
FBP  system. 

One  of  the  most  promising  aspects  of  epithelial  cancer 
vaccine  development  is  that  epithelial  tumors  share  common 
CTL-recognized  epitopes,  indicating  that  a  TAA-specific  vac¬ 
cine  may  be  widely  applicable.  Our  results  show  that  E39- 
stimulated  OvTALs  lyse  ovarian,  colon,  and  pancreatic  tumor 
lines.  Because  FBP  is  overexpressed  in  90%  of  ovarian  and 
50-70%  of  breast  cancers,  these  results  further  illustrate  the 
clinical  potential  for  targeting  a  widely  expressed  tumor  Ag 
like  FBP. 

FBP  was  originally  identified  independently  by  three  lines 
of  investigation  (reviewed  in  Ref.  19)  as:  (a)  the  LK26  Ag  (16); 

(b)  the  Ag  recognized  by  MOvl8  and  MOvl9  mAbs  (32);  and 

(c)  the  high-affinity  FBP  from  placenta  and  KB  carcinoma  cell 
lines  (17).  The  true  extent  of  FBP  expression  is  still  unknown 
because  the  mAbs  currently  used  require  more  complex  tech¬ 
niques  than  simple  immunofluorescence  staining  to  detect  FBP 
(18).  Because  of  some  intrinsic  differences  between  the  LK26, 
MOvl8,  and  MOvl9  mAbs,  different  levels  of  FBP  expression 
on  some  tumors  have  been  reported.  There  is  general  agreement 
that  only  low  levels  of  FBP  expression  exist  in  some  normal 
tissues  such  as  choroid  plexus,  lung,  thyroid,  kidney,  and  sweat 
glands. 
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High  levels  of  FBP  are  preferentially  expressed  in  a  wide 
range  of  cancerous  tissue  (18).  The  reason  for  this  differential 
expression  is  unknown,  but  one  hypothesis  involves  the  up- 
regulation  of  the  folate  receptor  to  compensate  for  the  loss  of  the 
alternative  folate  processing  pathway  involving  the  tetrahydro - 
folate  reductase  gene,  which  is  frequently  deleted  in  cancer  cells 
(35,  36).  The  highest  levels  of  expression  of  FBP  have  been 
found  in  ovarian  carcinomas,  with  >90%  of  all  ovarian  carci¬ 
nomas  expressing  elevated  levels  of  this  protein.  The  levels  of 
overexpression  have  been  shown  to  be  >20  fold  that  of  normal 
tissue  routinely  and  reported  to  be  as  high  as  80 -90-fold  in  one 
study  (18,  19).  The  extent  of  FBP  expression  in  other  tumors  is 
probably  underestimated,  as  alluded  to  above;  however,  multi¬ 
ple  tumor  types  have  been  shown  to  overexpress  the  LK26/FBP 
Ag,  including  20-50%  of  colorectal,  breast,  lung,  and  renal  cell 
carcinomas,  as  well  as  many  other  tumor  types  (19). 

Soluble  peptide  vaccines  with  a  single  peptide  CTL  epitope 
and  immunoadjuvant  are  currently  in  trials  for  both  melanoma 
(37)  and  the  E75,  HER-2  peptide  (38).  The  complete  response 
data  are  not  yet  available.  Early  results  indicate  that  in  the  use 
of  tumor  peptide  E75  as  immunogen  with  incomplete  Freund  or 
granulocyte/macrophage-colony  stimulating  factor  as  adjuvant 
may  not  lead  to  tumor-specific  CTL  and  clinical  responses  (38, 
39).  Because  FBP  peptides  are  recognized  by  freshly  isolated 
OvTALs  that  are  activated  in  vivo  and  lyse  autologous  tumors, 
development  of  approaches  for  in  vitro  and  in  vivo  activation  of 
CTLs  by  those  peptides  becomes  a  key  issue.  Immunogenicity 
for  CTL  induction  is  dependent  on  the  Ag  sequence  and  the 
delivery  system  to  APCs.  Although  some  conventional  or  viral 
Ag  (<?.g.,  influenza)  can  induce  CTLs  by  helper-independent, 
costimulation-independent  mechanisms  (33),  the  majority  of 
known  tumor  peptides  require  costimulatory  signals  (from  APC 
molecules  or  cytokines;  Ref.  40)  or  Ag  modification  to  induce 
CTL  differentiation  (29).  The  fact  that  E39  can  activate  both 
TALs  and  PBMCs  suggests  that  E39  is  a  potentially  immuno¬ 
genic  epitope  for  pCTL  activation. 

We  are  currently  investigating  the  dominant  and  subdomi¬ 
nant  epitopes  from  both  HER-2/neu  (E75,  GP2,  and  C85)  and 
FBP  (E39  and  E41)  in  parallel  to  determine  the  immunogenicity 
of  each  of  these  epitopes  to  induce  primary  CTLs  with  tumor 
killing  ability  and  the  requirement  for  proinflammatory  cyto¬ 
kines,  such  as  IL-12,  in  activating  APCs  or  reversing  tolerance. 
We  are  also  investigating  the  possibility  of  immune-gene  ther¬ 
apy  for  these  types  of  epitopes  by  delivering  the  minimal  CTL 
epitope  together  with  the  endoplasmic  reticulum  translocation 
sequence  using  vaccinia  vectors  to  the  APCs  and  proteasome 
inhibitors  to  enhance  targeting  of  the  epitope  precursor  protein 
to  the  MHC-I  processing  and  presentation  pathway. 

As  effective  delivery  systems  are  developed,  the  key  to  a 
successful  epithelial  cancer  vaccine  still  depends  on  the  discov¬ 
ery  of  CTL-recognized  TAAs  to  be  targeted  with  the  vaccine.  In 
conclusion,  FBP  serves  as  an  endogenous  source  of  CTL-rec¬ 
ognized  and  CTL-stimulatory  epitopes,  which  are  naturally  ex¬ 
pressed  on  a  large  number  of  epithelial  tumors.  Because  FBP  is 
overexpressed  with  high  frequency,  FBP  peptides  E39  and  E41 
may  serve  as  the  basis  of  a  widely  applicable  epithelial  cancer 
vaccine.  Clinically,  these  findings  would  support  the  develop¬ 
ment  of  a  polyspecific  vaccine  composed  of  dominant  and 
subdominant  peptides  from  either  a  single  or  multiple  TAAs. 
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Abstract  Although  natural  killer  (NK)  cells  have  been 
described  as  non-MHC-restricted,  new  evidence  suggests 
that  NK  activity  can  be  either  up-  or  down-regulated 
after  interaction  with  the  peptide-MHC-class-I  complex 
expressed  on  target  cells.  However,  the  epitope(s)  rec¬ 
ognized  by  NK  cells  have  remained  ill-defined.  We  in¬ 
vestigated  NK  cell  recognition  of  synthetic  peptides 
representing  a  portion  of  a  self-protein  encoded  by  the 
HER-2 /neu  (HER-2)  proto-oncogene  and  presented  by 
HLA-A2.  HER-2  nonapeptides  C85,  E89,  and  E75  were 
found  partially  to  protect  T2  targets  from  lysis  by  freshly 
isolated  and  interleukin-2(IL-2)-activated  NK  cells  (ei¬ 
ther  HLA-A2  +  or  A2_).  This  inhibition  was  not  solely 
due  to  changes  in  the  level  of  HLA-A2  expression  or 
conformation  of  serological  HLA-A2  epitopes.  Using 
single-amino-acid  variants  at  position  1  (PI)  of  two 
HER-2  peptides,  we  observed  that  protection  of  targets 
was  dependent  on  the  sequence  and  the  side-chain. 
These  results  suggest  similarities  in  the  mechanism  of 
target  recognition  by  NK  and  T  cells.  This  information 
may  be  important  for  understanding  the  mechanisms  of 
tumor  escape  from  immunosurveillance  and  could  help 
explain  the  aggressiveness  of  HER-2-overexpressing 
tumor  cells. 
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recognition  of  HLA-A2 


Introduction 

Natural  killer  (NK)  cells  are  thought  to  play  an  im¬ 
portant  role  in  the  elimination  of  virus-infected  cells  and 
cancer  cells  [5,  26,  39].  Although  target-cell  killing  by 
NK  cells  has  traditionally  been  described  as  non-MHC- 
restricted,  interaction  of  NK-cell-inhibitory  receptors 
with  MHC  class  I  molecules  often  leads  to  a  down- 
regulation  of  NK  cytolytic  function  in  proportion  to  the 
level  of  MHC  class  I  expression  on  the  targets  [20,  27, 
40,  42].  Recent  reports  also  indicated  that  single  amino 
acid  mutations  within  the  peptide-binding  groove  of  the 
MHC  molecule  can  affect  target  cell  sensitivity  to  lysis, 
suggesting  that  NK  cells  recognize  different  conforma¬ 
tions  induced  by  peptides  bound  in  the  MHC  class  I 
pockets  [19,  37].  This  hypothesis  has  been  supported  by 
observations  that  external  loading  of  target  cells  with 
either  self  or  foreign  peptides  can  enhance  or  inhibit 
sensitivity  to  NK-mediated  lysis  in  a  peptide-specific 
manner  independent  of  the  level  of  MHC  class  I  up- 
regulation  [7,  25,  28,  38].  However,  the  basis  for  peptide 
specificity  in  the  induction  of  lysis  or  protection  is  un¬ 
known.  Further  analysis  of  the  mechanism  of  NK  rec¬ 
ognition  of  peptides  may  provide  an  important  insight 
into  the  function  of  NK  cell  specificity  for  tumor  cells. 

The  HER-2/wew  (HER-2)  proto-oncogene  product  is 
overexpressed  in  a  variety  of  human  cancers  including 
breast,  ovarian,  colon,  lung,  and  stomach,  and  its 
overexpression  by  breast  and  ovarian  cancers  has  been 
shown  to  correlate  with  earlier  relapse  and  a  worse 
prognosis  [36].  Since  it  has  been  reported  that  HER-2 
overexpression  also  correlates  with  decreased  NK  cell 
activity  [41],  we  wanted  to  determine  if  HER-2  peptides 
are  directly  involved  in  NK  cell  inhibition.  Therefore,  we 
used  HER-2  peptides  recognized  by  cytotoxic  T  lym¬ 
phocytes  (CTL)  as  targets,  where  the  question  of  the 
sequence  specificity  in  NK  recognition  can  be  addressed. 
In  this  report  we  investigated  the  ability  of  freshly  iso¬ 
lated  and  in  vitro  interleukin-2(IL-2)-activated  NK  cells 
to  recognize  self-HER-2  peptides  that  bind  to  the  HLA- 
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A2  molecule  with  variable  affinities  and  induce  confor¬ 
mational  changes  in  the  al  and  ot2  domains.  We  found 
that  these  peptides  decreased  NK-mediated  lysis  of  T2 
cells,  and  the  ability  to  inhibit  lysis  depended  more  upon 
peptide  sequence  than  the  ability  to  up-regulate  or  in¬ 
duce  conformational  changes  of  HLA-A2  on  the  target 
cells.  Interestingly,  the  peptide  that  induced  the  most 
HLA-A2  up-regulation  and  conformational  changes 
inhibited  lysis  least.  Furthermore,  targets  pulsed  with 
HER-2  peptide  variants  containing  amino  acid  substi¬ 
tutions  at  position  1  (PI)  showed  either  side-chain- 
dependent  protection  or  increased  sensitivity  to  NK- 
mediated  lysis.  Again,  increased  levels  of  lysis  inhibition 
among  the  peptides  did  not  correlate  with  increased 
levels  of  expression  of  HLA-A2,  as  detected  by  the  W6/ 
32  mAb  specific  for  a  monomorphic  MHC  I  epitope  (a3 
domain),  and  lysis  inhibition  did  not  correlate  with 
conformational  changes  of  HLA-A2  detected  by  the 
MA2.1  mAb  (al  domain).  Peptides  that  induced  the 
most  change  in  expression  and  conformation  of  HLA- 
A2  were  often  less  effective  at  inhibiting  lysis.  However, 
the  enhanced  sensitivity  to  NK  lysis  seen  with  one 
peptide  was  paralleled  by  changes  in  the  conformational 
epitope  recognized  by  the  BB7.2  mAb  (a2  domain). 
These  results  indicate  an  important  effect  of  changes  in 
peptide  sequence  at  position  1,  and  provide  further  ev¬ 
idence  that  the  mechanism  of  NK  target  recognition  has 
some  similarity  to  that  of  T  cells  in  that  it  is  determined 
by  interactions  of  peptide  side-chains  with  NK  recep¬ 
tors.  These  findings  may  also  be  helpful  in  explaining 
why  cancer  patients  with  tumors  overexpressing  HER-2 
have  a  worse  prognosis. 


Materials  and  methods 

Target  cells 

The  T2  line  has  been  described  previously  [15]  and  was  a  generous 
gift  from  Dr.  Peter  Cresswell  (Yale  Univeristy  School  of  Medicine, 
New  Haven,  Conn.).  The  B  cell  line  C1R:A2,  an  HLA-A2-gene- 
transfected  derivative  of  C1R,  was  a  gift  from  Dr.  William  Bid- 
dision  (National  Institute  of  Neurological  Disorders,  Bethesda, 
Md.).  C1R:A2  cells  were  transfected  with  the  plasmid 
pCMV. HER-2  encoding  a  full-length  HER-2  cDNA  (the  kind  gift 
of  Dr.  Mien-Chie  Hung,  Department  of  Tumor  Biology,  M.D. 
Anderson  Cancer  Center).  ClR:A2:HER-2  transfectants  were 
selected  by  resistance  to  hygromycin  B  by  co-transfection  of 
SV2.Hygro  plasmids  (ATCC,  Rockville,  Md.). 


Effector  cells  rr 

Peripheral  blood  buffy  coats  of  normal  donors  were  purchased 
from  a  local  blood  center,  and  mononuclear  cells  (PBMC)  pre¬ 
pared  by  Ficoll-Hypaque  gradient  separation  [24].  NK  cells  were 
enriched  to  high  purity  by  negative  selection  using  a  MACS  NK 
Isolation  Kit  (Miltenyi  Biotec,  Auburn,  Calilf.).  In  brief,  PBMC 
were  incubated  for  15  min  at  4  °C  with  a  cocktail  of  monoclonal 
antibodies  (mAb)  recognizing  CD3,  CD4,  CD  19,  and  CD33,  wa¬ 
shed,  and  then  incubated  for  an  additional  15  min  with  colloidal 
superparamagnetic  microbead-labelled  antibody  reacting  to  the 
primary  antibodies  (Beckton  Dickinson,  Mountain  View,  Calif.). 
The  cells  were  then  passed  twice  through  an  iron-wool  column 
placed  within  a  strong  magnetic  field,  and  the  nonadherent  cells 
collected.  The  effluent  population  was  routinely  9 1 .7%— 98.2% 
CD56+,  CD3“  NK  cells,  0.1%— 1.4%  CD56+,  CD3+  T  cells,  and 
0.2%-1.3%  CD56  ,  CD3+  T  cells  as  determined  by  two-color  flow 
cytometry  [35]. 

For  IL-2  activation,  NK  cells  were  cultured  for  5-7  days  in 
RPMI-1640  medium  supplemented  with  10  mM  HEPES  buffer, 
10%  human  AB  serum,  antibiotics,  2  mM  glutamine,  2  mM  sodi¬ 
um  pyruvate,  0.1  mM  nonessential  amino  acids,  50  pM  2-mer- 
captoethanol  (complete  RPMI  medium),  and  500  U/ml  highly 
purified  human  recombinant  rIL-2  (18  x  106  IU/mg;  Cetus  Corp., 
Emeryville,  Calif.).  The  NK  cell  line,  NKL  (kindly  provided  by  Dr. 
M.J.  Robertson,  Dana  Farber  Cancer  Institute,  Boston,  Mass.)  was 
obtained  from  peripheral  blood  of  a  patient  with  a  CD3",  CD16  +  , 
CD56+  large  granular  lymphoproliferative  disorder  [18].  These 
cells  were  maintained  in  culture  in  complete  RPMI  medium  sup¬ 
plemented  with  30  U/ml  IL-2. 

In  some  experiments,  the  CTL  line  41  (CTL-41)  was  used  as 
a  source  of  effectors.  This  line  was  developed  by  repeated  in 
vitro  stimulation  of  HLA-A2+  peripheral  blood  mononuclear 
cells  from  a  healthy  donor  with  peptide  C84:  HER-2  (971  — 
979  V)  and  a  longer  peptide  C43:  HER-2  (968-981)  [12],  For 
these  studies,  CTL-41  were  maintained  in  culture  with  monthly 
restimulation  with  10  pg/ml  C84  peptide  and  autologous  or 
allogeneic  HLA-A2+  PBMC.  The  CTL  used  as  effectors  were 
selected  on  mAb-coated  plates  (AIS  Micro  CELLector,  Applied 
Immune  Sciences,  Menlo  Park,  Calif.),  and  were  CD3  +  ,  CD4“, 
CD8  +  .  Clones  were  isolated  from  the  CTL-41  line,  as  previously 
described  [14]. 


Synthetic  peptides 

Synthetic  peptides  corresponding  to  sequences  in  HER-2:  E75 
(369-377),  E89  (851-859),  C85  (971-979),  and  recognized  by 
ovarian  tumor-specific  CTL,  have  been  reported  previously  [12-14]. 
The  amino  acid  sequences  of  these  peptides  are  shown  in  Table  1. 
Variants  of  the  C85  peptide  substituted  at  PI  are  designated  as  Gl, 
FI,  Tl,  and  K1  [12].  The  E75  peptide  substituted  at  P  is  designated 
as  peptide  F41.  The  synthetic  peptides  used  in  this  study  were 
prepared  by  the  Synthetic  Antigen  Laboratory  of  M.D.  Anderson 
Cancer  Center,  purified  to  92%-95%  by  HPLC,  and  dissolved 
in  phosphate-buffered  saline  (PBS)  at  a  stock  concentration  of 
1  mg/ml. 


Table  1  Sequences  of  synthetic  77  ,  “  77  ;  ”  I  ~  ~  7 - - - - - ~ 
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E75 

369-377 

K 

I 

F 

G 

S 

L 

A 

F 

L 

F41 

G 

. 

— 

— 

_ 

_ 

_ 

_ 

E89 

851-859 

V 

L 

V 

K 

s 

P 

N 

H 

V 

C85 

971-979 

E 

L 

V 

S 

E 

F 

S 

R 

M 

Gl 

G 

- 

- 

- 

_ 

— 

_ 

_ 

_ 

FI 

F 

- 

- 

— 

_ 

_ 

. 

__ 

_ 

Tl 

T 

- 

- 

- 

— 

_ 

_ 

__ 

_ 

K1 

K 

- 

. 

— 

_ 

_ 

_ 

_ 

_ 

C84 

E 

- 

- 

- 

- 

- 

- 

- 

U 

403 


Cytotoxicity  assay 

The  51Cr  release  assay  has  been  described  in  detail  previously  [24], 
For  peptide-pulsing  experiments,  5,Cr-labelled  T2  cells  were  dis¬ 
pensed  into  96-well  microtiter  plates  and  preincubated  for  2  h  in 
serum-free  RPMI  medium,  to  which  was  added  either  10  pi  peptide 
(100  pg/ml  final  concentration),  or  an  equivalent  volume  of  PBS  as 
a  control.  Effector  cells,  suspended  in  RPMI- 1640  medium  sup¬ 
plemented  with  10%  fetal  bovine  serum,  were  then  added  in  vari¬ 
ous  E:T  ratios  (ranging  from  40:1  to  1:1),  and  the  culture 
supernatants  were  tested  for  chromium  release  after  4-5  h  of  cul¬ 
ture.  Each  experimental  condition  was  tested  in  triplicate.  Results 
are  expressed  as  the  percentage  specific  lysis  according  to  the  for¬ 
mula  (E  -  S)/(M  -  S)  x  100,  where  E  is  the  radioactivity  (cpm)  of 
experimental  wells  containing  both  effectors  and  targets,  S  is  the 
spontaneous  release  of  51Cr  from  targets  incubated  in  medium 
(with  and  without  peptide),  and  M  represents  the  radioactivity  for 
targets  incubated  with  0.2%  Triton  X-100  (maximum  release).  In 
some  experiments  the  cytotoxicity  was  expressed  as  lytic  units 
(LU),  where  1  LU  is  the  number  of  effector  cells  required  for  lysis 
of  30%  of  the  target  cells  [35];  when  this  calculation  is  used,  the 
results  are  expressed  as  LU30/IO6  effector  cells. 

In  studies  designed  to  analyze  the  sensitivity  of  HER-2- 
gene-transfected  cell  lines  to  lysis,  NK  or  CTL  effector  cells  were 
incubated  for  4-5  h  with  51Cr-labelled  ClR:A2:HER-2-transfected 
target  cells  at  effector-to-target  ratios  (E:T)  ranging  from  12: 1  to  50: 1 


Flow-cytometric  analysis 

Expression  of  HLA-A2  on  T2  target  cells  was  evaluated  by  flow 
cytometry,  using  BB7.2,  MA2.1  and  W6/32  mAb.  W6/32  mAb 
(Dako,  Dakopatts,  Denmark)  recognizes  a  monomorphic  epitope 
common  to  F1LA-A,  -B,  and  -C.  The  anti-HLA-A2  mAb,  BB7.2 
(mouse  IgG2b)  and  MA2.1  (mouse  IgGl)  were  obtained  from  the 
American  Type  Culture  Collection  (ATCC).  Other  antibodies  used 
in  this  study  included  anti-CDlla,  anti-CD18,  anti-CD58,  and 
anti-CD56  (Beckton-Dickinson,  Mountain  View,  Calif.);  and  Ab2, 
reacting  with  the  extracellular  domain  of  HER-2  protein  (Onco¬ 
gene  Science,  Uniondale,  New  York).  Briefly,  5  x  105  cells  were 
incubated  for  30  min  at  4  °C  with  primary  antibody  (or  an  isotype 
control  antibody  nonreactive  with  human  cells),  washed,  and  then 
incubated  for  an  additional  30  min  with  fluorescein-isothiocyanate- 
conjugated  goat  anti-(mouse  Ig).  Flow-cytometric  analyses  were 
performed  on  5000  gated  events/sample,  using  a  FACScan  flow 
cytometer  (Becton-Dickinson,  Mountain  View,  Calif.)  and  Consort 
30  software. 

To  analyze  the  effect  of  peptide  pulsing  on  HLA-A2  expression, 
T2  cells  were  incubated  for  2  h  at  37  °C  with  10-100  pg/ml  peptide 
(or  PBS  alone  as  a  control),  prior  to  labelling  with  the  primary  mAb. 
All  cells  tested  were  positive  for  HLA-A2  expression;  data  are  re¬ 
ported  as  the  mean  channel  fluorescence,  indicative  of  the  channel 
number  corresponding  to  the  average  peak  of  fluorescence  [6, 3 1 , 35]. 


Statistical  analysis 

The  data  were  analyzed  statistically  using  Prism  2.01  software 
(GraphPad  Prism  for  Scientists,  Sorrento,  Calif.).  Multiple  groups 
were  compared  by  the  Newman  Keuls  one-way  analysis  of  variance. 
When  only  two  groups  were  compared,  Student’s  /-test  was  used. 
Differences  were  considered  significant  when  P  was  less  than  0.05. 


defect  in  TAP  (transporter-associated  with  antigen  pre¬ 
sentation)  proteins  and  display  “empty”  HLA-A2  mol¬ 
ecules  [33]  that  can  be  loaded  exogenously  with  peptides 
having  the  proper  anchors  for  binding  to  HLA-A2,  i.e. 
L/M/I/V  (P2)  and  V/L/M/I  (P9).  For  our  studies  we 
used  three  different  synthetic  nonapeptides  of  HER-2 
that  display  these  HLA-A2  anchors:  E75,  E89  and  C85 
(the  amino  acid  sequences  of  these  peptides  are  shown  in 
Table  1).  These  peptides  were  previously  found  to  re¬ 
constitute  recognition  of  CD8  +  ,  CD4  CTL  lines  de¬ 
rived  from  ovarian  tumor-associated  lymphocytes  [12], 
suggesting  that  HER-2  is  naturally  processed  into 
identical  or  similar  peptides  presented  by  HLA-A2  on 
tumor  cells. 

The  T2  targets  were  pulsed  with  peptides  at  a  con¬ 
centration  of  100  pg/ml  prior  to  addition  of  effector 
cells.  In  agreement  with  others  [32],  we  observed  that 
untreated  T2  targets  were  sensitive  to  lysis  by  freshly 
isolated  and  IL-2-activated  peripheral  blood  NK  cells 
from  all  healthy  donors  tested  (Fig.  1).  However,  T2 
cells  pulsed  with  HER-2  peptides  were  significantly 
protected  from  killing  by  unstimulated  HLA-A2+  and 
HLA-A2"  NK  cells  (Fig.  1A,  B).  These  peptides  also 
protected  T2  targets  from  lysis  by  IL-2-activated  HLA- 
A2+  and  HLA-A2”  NK  cells  (Fig.  1C,  D).  The  results 
from  four  representative  donors  of  eight  tested  are 
shown  in  Fig.  1 .  The  reduction  in  lysis  of  peptide-pulsed 
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Results 

HER-2  peptides  inhibit  NK-mediated  lysis  of  T2  cells 

In  the  first  series  of  experiments,  we  investigated  the 
effects  of  HER-2  self-peptides  on  the  sensitivity  of  T2 
target  cells  to  lysis  by  NK  cells.  The  T2  cells  have  a 


Fig.  1A-D  Recognition  of  HER-2  peptide-pulsed  T2  cells  by 
natural  killer  (NK)  cells.  Magnetically  sorted  NK  cells  from  four 
healthy  donors  (one  per  panel)  were  tested  for  lytic  activity  against 
HER-2-peptide-pulsed  T2  cells  in  a  51Cr-release  assay.  The  NK  cells 
were  (A)  unstimulated  HLA-A2  +  ,  (B)  unstimulated  HLA-A2  , 
(C)  interleukin-2(/L-2)-stimulated  HLA-A2  +  ,  and  (D)  IL-2-stim- 
ulated  HLA-A2".  Significant  inhibition  of  lysis:  *P  <  0.05 
compared  to  phosphate-buffered  saline  ( PBS)  control; 
**P  <  0.01  compared  to  PBS  control 
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target  cells  was  consistently  observed  at  multiple  E:T 
ratios  and  ranged  from  15%  to  30%. 

Because  sensitivity  of  target  cells  to  NK-mediated 
lysis  has  been  shown  to  be  inversely  related  to  the  levels 
of  MHC  class  I  expression  [40],  we  next  determined 
whether  the  resistance  of  HER-2-pulsed  T2  targets  to 
lysis  by  NK  cells  was  associated  with  an  increase  in 
MHC  class  I  molecules  caused  by  peptide-induced  sta¬ 
bilization  [6].  As  shown  in  Fig.  2,  T2  cells  incubated  with 
HER-2  peptides  displayed  an  increase  in  the  relative 
density  of  surface  HLA  class  I  molecules  as  detected  by 
the  HLA-A,  -B,  -C-specific  W6/32  mAb;  this  was  ob¬ 
served  as  an  increase  in  the  fluorescence  intensity  of 
mAb-labelled  peptide-pulsed  T2  cells  compared  to  con¬ 
trols.  However,  there  were  marked  differences  among 
the  peptides  in  the  relative  density  of  class  I  molecules 
induced,  with  an  approximately  twofold  and  threefold 
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PBS  C85  E75  E89 


150 


PBS  C85  E75  E89 


Fig.  2A-C  Up-regulation  of  HLA-A2  expression  by  HER-2 
peptides.  T2  cells  pulsed  with  or  without  (PBS  control)  HER-2 
peptides,  were  analyzed  by  flow  cytometry  for  expression  of 
epitopes  recognized  by  the  W6/32,  MA2.1,  and  BB7.2  mAb.  Bars 
the  mean  channel  fluorescence  ( MCF)  value,  i.e.,  the  channel 
corresponding  to  the  mean  fluorescence  intensity  of  positively 
stained  cells 


increase  caused  by  E89  and  E75  respectively.  The  G85  ,  ^ 

peptide  only  slightly  increased  MHC  class  I  expression. 
Despite  these  large  differences  in  MHC  class  I  expres¬ 
sion,  the  level  of  protection  afforded  by  E89  and  C85 
peptides  was  comparable.  Although  E75  increased 
MHC  expression  the  most,  it  was  consistently  least 
effective  at  inhibiting  target  lysis  (Fig.  1).  These  results 
indicate  that  the  increased  resistance  of  T2  to  lysis  by 
NK  cells  induced  by  C85  was  not  simply  caused  by  up- 
regulation  of  MHC  class  I  molecules. 

To  determine  if  peptide-induced  protection  was  re¬ 
lated  to  changes  in  the  conformation  of  HLA-A2  mol¬ 
ecules,  we  also  analyzed  peptide-pulsed  and  control  T2 
cells  for  expression  of  conformational  epitopes  recog¬ 
nized  by  BB7.2  and  MA2.1  mAb.  The  epitope  recog¬ 
nized  by  the  BB7.2  mAb  is  located  on  the  N-terminal 
loop  of  the  a2  domain  (including  W108)  of  HLA-A2,  in 
an  area  not  expected  to  contact  the  peptide  directly  [34]. 
MA2.1  mAb  reacts  with  the  al  domain  of  HLA-A2  at 
residues  64-68,  which  border  the  A  and  B  pockets  of  the 
peptide-binding  groove;  mutations  of  HLA-A2  in  this 
area  have  been  reported  to  affect  T  cell  recognition 
significantly  [16,  34].  The  results  in  Fig.  2  indicate  that 
the  decrease  in  the  sensitivity  of  T2  to  lysis  by  NK  cells, 
after  pulsing  with  a  particular  peptide,  was  not  pro¬ 
portional  to  the  increase  in  the  expression  of  either  of 
these  conformational  epitopes.  On  the  contrary,  while 
MA2.1  and  BB7.2  epitopes  were  expressed  at  approxi¬ 
mately  threefold  higher  levels  on  E75-pulsed  T2  cells 
compared  to  untreated  or  C85-pulsed  targets,  the  pro¬ 
tection  induced  by  E75  was,  in  most  cases,  less  than  that 
of  the  other  peptides  (Fig.  1). 


Crystallography  studies  have  shown  that  the  N-terminal 
(PI)  residue  of  peptides  binds  within  the  A  pocket  of  the 
MHC  molecule,  and  that  the  nature  of  the  side-chain  of 
this  residue  affects  peptide  binding  to  HLA-A2  [3].  To 
address  the  question  of  whether  a  single  amino  acid 
substitution  at  PI  would  alter  the  ability  of  a  HER-2 
peptide  to  protect  targets  from  NK-mediated  lysis,  we 
created  a  series  of  C85  variants  by  replacing  the  glutanic 
acid  at  PI  with  lysine  (variant  Kl),  glycine  (variant  Gl), 
threonine  (variant  Tl)  or  phenylalanine  (variant  FI) 
(Table  1).  These  peptide  variants  do  not  have  changes  in 
the  dominant  anchors  for  HLA-A2  at  P2  (L/M/I/V)  and 
P9  (V/L/M/I),  so  they  should  still  bind  to  HLA-A2. 
Using  a  peptide  concentration  that  was  protective  for 
C85,  we  tested  the  ability  of  the  peptide  variants  to 
protect  T2  cells  from  NK-mediated  lysis  (Fig.  3A). 
Significant  differences  between  the  peptides  were  ob¬ 
served  regarding  their  ability  to  affect  T2  lysis.  Specifi¬ 
cally,  we  found  that  the  Kl  variant  was  as  effective  as 
the  natural  C85  peptide  in  protecting  T2  cells  from  lysis, 
while  the  FI  and  Gl  variants  did  not  significantly  inhibit 
T2  lysis  compared  to  control  T2  cells  treated  with  PBS. 
In  contrast,  T2  targets  pulsed  with  the  Tl  variant  not 
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Fig.  3A-D  Recognition  of  HER-2  peptide  variants  by  NK  cells. 
A  Immunomagnetically  isolated  HLA-A2+  NK  cells  were  tested 
for  cytolytic  activity  against  T2  targets  pulsed  with  100  jig/ml  C85 
and  C85  variants,  and  the  results  from  four  separate  donors  were 
averaged.  Data  are  expressed  as  lytic  units  as  described  in  Materials 
and  methods.  *  There  was  significant  protection  of  T2  after  pulsing 
with  C85  (El)  or  the  K1  variant  ( P  <  0.05  compared  to  PBS- 
treated  control  T2  targets).  **  The  T1  variant  caused  significant 
enhancement  of  T2  lysis  compared  to  both  C85-pulsed  and  control 
targets  (P  <  0.05).  B-D  Three  different  mAb  (W6/32,  MA2.1,  and 
BB7.2)  were  used  to  detect  MHC  class  I  expression  by  T2  cells 
pulsed  with  the  same  peptides  used  in  A 

only  were  not  protected,  but  instead  were  even  more 
susceptible  to  lysis  by  NK  cells  than  were  PBS-treated 
controls.  On  the  basis  of  a  comparison  of  cytotoxicity 
(LU),  they  were  also  twofold  more  susceptible  to  NK 
lysis  than  C85-pulsed  T2. 

All  of  these  C85  variants  up-regulated  and  stabilized 
MHC  class  I  expression  as  detected  by  the  W6/32  mAb, 
albeit  to  different  degrees  (Fig.  3B).  The  conformational 
epitopes  recognized  by  MA2.1  and  BB7.2  mAb  were 
also  up-regulated  when  compared  to  PBS-treated  T2 
targets  (Fig.  3C,  D).  The  levels  of  expression  of  W6/32 
and  MA2.1  HLA-A2  epitopes  on  T2  cells  pulsed  with 
Kl,  Gl,  and  T1  variants  were  similar,  and  they  were 
higher  than  the  levels  induced  by  C85.  The  FI  variant 
induced  a  twofold  higher  increase  in  these  epitopes 
relative  to  the  other  variants.  The  T1  and  FI  variants 
induced  the  highest  levels  of  BB7.2  epitope  expression 
among  the  variants  tested. 

When  the  levels  of  expression  of  MHC  class  I  and 
the  BB7.2  and  MA2.1  conformational  epitopes  were 
compared  to  protection  from  lysis,  the  ability  of  a 
particular  peptide  to  down-regulate  target  sensitivity  to 
NK  lysis  was  not  directly  proportional  to  the  increase 
in  the  level  of  HLA-A2  expression.  For  example,  nei¬ 
ther  the  Gl  nor  FI  variant  was  significantly  protective, 
even  though  FI  induced  a  substantially  higher  expres¬ 
sion  of  W6/32,  MA2.1,  and  BB7.1  epitopes.  Further¬ 
more,  compared  to  C85,  the  T1  peptide  enhanced  the 
susceptibility  of  T2  cells  to  NK-mediated  lysis,  even 
though  this  variant  induced  higher  levels  of  HLA-A2 
expression  and  conformational  changes.  The  Kl  vari¬ 
ant  was  as  protective  as  C85,  but  induced  higher  levels 
of  MHC  class  I  than  did  the  natural  peptide,  as  de¬ 


tected  by  the  W6/32  and  MA2.1  mAb.  Again,  these 
data  support  the  observation  that  increased  MHC  class 
I  does  not  always  correlate  with  enhanced  resistance  to 
lysis  by  NK  cells. 

The  results  in  Fig.  3  show  a  significant  role  for  the  PI 
residue  side-chain  in  NK  inhibition.  Protective  peptides 
in  this  study  (C85  and  Kl)  have  charged  side-chains, 
while  the  nonprotective  peptides  (FI  and  Gl)  have 
nonpolar  side-chains.  Tl,  which  enhanced  NK  sensitiv¬ 
ity,  has  a  hydroxyl  group.  To  confirm  that  the  NK  in¬ 
hibition  is  dependent  on  the  side-chain  of  the  amino  acid 
at  PI,  we  investigated  NK  recognition  of  T2  cells  pulsed 
with  the  weakly  NK  protective  peptide  E75  and  its  PI 
variant,  F41.  In  the  latter  variant,  the  lysine  at  PI  in  the 
natural  peptide  is  substituted  with  glycine,  which  lacks  a 
side-chain  (Table  1).  This  K  — »  G  change  at  PI  of  E75  is 
identical  to  the  change  between  the  Kl  and  Gl  variants 
of  C85  described  above.  Thus  F41  was  expected  to  be 
less  protective  than  E75.  We  observed  that  both  E75  and 
F41  showed  a  similar  concentration-dependent  ability  to 
up-regulate  HLA-A2  expression  on  T2  cells:  for  exam¬ 
ple,  at  100  pg/ml,  the  mean  channel  fluorescence  for  the 
expression  of  the  BB7.2  epitope  was  approximately 
threefold  higher  for  both  E75-pulsed  and  F41-pulsed 
targets  than  for  the  controls  (data  not  shown).  Both 
peptides  also  protected  T2  targets  from  lysis  by 
the  NK  cell  line  (NKL)  when  used  at  concentrations  of 
10-100  pg/ml  (Fig.  4A).  However,  at  200  pg/ml,  E75 
(charged  PI  side  chain)  was  significantly  more  protective 
(P  <  0.001)  against  NK  lysis  than  was  F41  (nonpolar 
PI  side-chain),  supporting  the  conclusion  from  the 
previous  experiment. 

To  rule  out  the  possibility  that  the  HER-2  peptides 
were  stabilizing  non-HLA-A2  MHC  or  nonclassical 
MHC  molecules  that  could  mediate  a  decrease  in  NK 
sensitivity  [1,2],  E75-pulsed  T2  targets  were  treated  with 
either  the  HLA-A2-specific  MA2.1  mAb  or  control  an¬ 
tibody  before  lysis  by  the  NK  cell  line  was  assessed.  As 
seen  in  Fig.  4B,  HER-2-peptide-induced  inhibition  of 
lysis  was  most  likely  mediated  directly  through  interac¬ 
tion  with  HLA-A2,  because  MA2.1  antibody  completely 
blocked  the  inhibition  of  T2  lysis  at  100  jag/ml  E75 
(P  <  0.05)  and  significantly  blocked  the  higher  inhibi¬ 
tion  at  200  jig/ml  E75  (P  <  0.01). 
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Fig.  4A,  B  Protection  of  T2  targets  by  HER-2  peptides  is 
concentration-dependent  and  HLA-A2-dependent.  T2  cells  pulsed 
with  E75  or  its  variant,  F41,  were  tested  for  susceptibility  to  lysis  by 

the  HLA-A2+  NK  cell  line,  NKL,  at  an  E:T  ratio  of40:l. - The 

percentage  lysis  of  PBS-treated  control  T2  targets  (78%  for  A  and 
42%  for  B).  A  Significant  protection  from  lysis:  *  P  <  0.01 
compared  to  PBS-treated  control;  **  P  <  0.001  compared  to  PBS 
control;  *  E75  inhibited  lysis  significantly  better  than  F41  at 
200  pg/ml  (P  <  0.001).  B  E75-pulsed  T2  targets  were  incubated 
with  HLA-A2-specific  blocking  antibody  (MA2.1)  or  control 
antibody.  #  MA2.1  completely  blocked  the  protection  from  lysis 
at  100  jig/ml  E75  ( P  <  0.05).  *  Significant  blocking  of  the 
protection  from  lysis  also  occurred  at  200  pg/ml  E75  (P  <  0.01) 

Fig.  5A-E  Lysis  of  the  HER-2 
gene-transfected  target  cells  by 
cytotoxic  T  lymphocytes  (CTL) 
and  NK  cells.  A,  B  Nontrans- 
fected  and  HER-2-transfected 
CIR:A2  cells  (HER-2:G,  HER- 
2:B,  and  HER-2:L)  were  tested 
for  susceptibility  to  lysis  by  two 
C8 5-specific  HLA-A2+  CTL 
clones  (2C2  and  2C3)  and 
magnetically  sorted,  IL-2- 
activated  HLA-A2+  NK  cells. 

The  HER-2  transfectants  were 
clones  chosen  for  their  high 
(HER-2:L),  medium  (HER- 
2:B),  or  low  (HER-2:G)  ex¬ 
pression  of  HER-2.  C,  D,  E 
Surface  MHC  class  I,  HER-2, 

LFA-la  (CD1  la  ),  LFA-lb 
(CD  18),  LFA-3  (CD58),  and 
ICAM-I  (CD54)  expression  by 
C1R:A2  and  HER-2  transfec¬ 
tants  was  analyzed  by  flow 
cytometry 


Recognition  of  HER-2-transfected  C1R:A2  cells 
by  NK  cells 

Under  physiological  conditions,  NK  cells  interact  with 
HLA-A2  molecules  presenting  peptides  processed  en¬ 
dogenously.  Therefore,  it  was  of  interest  to  determine  if 
endogenously  processed  HER-2  peptides  could  also  pro¬ 
tect  target  cells  from  lysis  by  NK  cells.  We  approached 
this  question  using  C1R:A2  cells  transfected  with  the 
HER-2  gene  (ClR:A2:HER-2+  cells).  ClR:A2:HER-2  + 
cells  were  cloned  by  stringent  limiting  dilution,  and  three 
clones  (HER-2:G,  HER-2:B,  and  HER-2:L),  expressing 
different  levels  of  surface  HER-2,  were  tested  for  sensi¬ 
tivity  to  lysis  by  CTL  and  NK  cells.  CTL  clones  (CD3  +  , 
CD8  +  ,  CD4~)  were  developed  by  in  vitro  stimulation  of 
HLA-A2  +  mononuclear  cells  from  a  healthy  donor  with 
C84,  a  P9-substi tuted  (M  — >  V)  C85  peptide  [12].  As 
shown  in  Fig.  5,  two  clones  (2C2  and  2C3)  recognized  the 
C1R:A2:HER-2:L  clone  but  not  C1R:A2  cells  lacking 
HER-2  gene  expression,  suggesting  that  an  epitope  simi¬ 
lar  to  C85  was  presented  by  ClR:A2:HER-2+  cells. 
However,  the  HER-2  +  clones  were  more  resistant  to  lysis 
by  IL-2-stimulated  NK  cells  than  were  the  nontransfected 
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*  1 1  targets.  Furthermore,  the  sensitivity  of  the  clones  to  lysis 
by  NK  cells  varied  inversely  with  the  density  of  HER-2 
expression;  i.e.  the  sensitivity  of  the  transfectants  to  lysis 
ranked  G  >  B  >  L,  while  HER-2  expression  ranked 
L>  B  >  G  (Fig.  5). 

The  HER-2:G  targets  were  most  sensitive  to  NK  lysis 
even  though  they  expressed  a  higher  density  of  HLA-A2 
than  did  HER-2:B  and  HER-2:L.  Additional  phenotypic 
analyses  of  these  clones  revealed  that  they  all  expressed 
only  very  low  levels  of  CD  18  (LFA-ip)  and  CDlla 
(LFA-loi),  while  CD54  (ICAM-1)  and  CD58  (LFA-3) 
were  expressed  at  similar  levels  among  the  cloned  trans¬ 
fectants  (Fig.  5C-E).  Therefore,  there  was  no  correlation 
between  adhesion  molecule  expression  and  the  sensitivity 
of  HER-2  transfectants  to  lysis  by  NK  cells.  Our  data 
suggest  that  quantitative  and  quantitative  changes  in  the 
composition  of  the  naturally  processed  HER-2  peptides 
presented  by  MHC,  rather  than  alterations  in  the 
expression  of  MHC  class  I  or  adhesion  molecules,  are 
responsible  for  the  protective  effects  of  HER-2. 


Discussion 

In  this  report  we  present  novel  evidence  that  HLA-A2- 
binding  HER-2  peptides,  known  to  form  CTL  epitopes, 
can  protect  targets  from  lysis  by  NK  cells.  This  protec¬ 
tion  was  found  to  be  dependent  upon  (a)  peptide  con¬ 
centration,  requiring  pulsing  with  peptides  at  50-100  jug/ 
ml;  (b)  peptide  sequence,  since  single  amino-acid  sub¬ 
stitutions  could  significantly  alter  the  status  of  target 
susceptibility;  and  (c)  side-chain  charge,  with  charged 
side-chains  at  position  1  generally  inducing  more  pro¬ 
tection  from  NK  lysis  than  uncharged  side-chains.  In 
support  of  previous  studies  by  others  [2,  25,  26,  28,  43], 
this  indicates  that  NK  cells  recognizing  peptide-MHC 
complexes  display  a  high  degree  of  target  specificity. 
These  findings  also  suggest  that  CTL  epitopes  on  tumor 
cells  may  block  NK  lysis,  a  mechanism  that  may  have 
implications  for  tumor  survival  in  the  absence  of  CTL. 
An  increase  in  the  relative  ability  of  a  peptide  to  inhibit 
lysis  was,  in  most  cases,  not  associated  with  increased 
expression  of  HLA-A2  on  T2  target  cells,  or  with  con¬ 
formational  changes  of  HLA-A2  detected  by  BB7.2  and 
MA2.1,  suggesting  that  these  serological  epitopes  are 
not  solely  responsible  for  inhibition  of  NK  function. 

HLA-A2  conformational  changes  were  often  seen  on 
targets  that  were  most  sensitive  to  lysis  in  this  study.  For 
example,  increased  staining  with  the  BB7.2  mAb  was 
associated  with  enhanced  lysis  in  the  case  of  the  T1 
peptide  and  decreased  protection  from  lysis  for  E75.  One 
possible  explanation  for  the  enhanced  sensitivity  to  lysis 
of  targets  bearing  HLA-A2  conformational  changes 
could  be  that,  although  HLA-A2  expression  inhibits 
lysis,  it  can  only  do  so  if  the  conformation  is  not  altered 
by  the  peptide.  However,  the  full  explanation  is  proba¬ 
bly  more  complex,  because  E89  induced  a  fair  amount  of 
HLA-A2  conformational  changes  (both  MA2.1  and 
BB7.2)  yet  inhibited  lysis  as  effectively  as  C85,  a  peptide 


that  did  not  induce  such  changes  in  HLA-A2.  One  al¬ 
ternative  explanation  for  the  enhanced  sensitivity  to  lysis 
caused  by  T1  is  the  hydroxy lated  side-chain  (tyrosine)  at 
PI,  which  may  have  decreased  the  recognition  of  HLA- 
A2-peptide  by  an  inhibitory  NK  receptor.  Further 
experiments  are  necessary  to  elucidate  this  mechanism. 

In  agreement  with  previous  studies,  the  peptide  con¬ 
centrations  required  to  induce  a  significant  NK-protec- 
tive  effect  were  higher  than  the  concentrations  required 
to  sensitize  T2  cells  to  CTL  effectors  from  breast  and 
ovarian  cancer  patients  [12,  14].  This  may  indicate  that 
these  effects  are  only  relevant  in  vitro.  However,  recent 
studies  on  peptide  binding  to  HLA-A2  molecules  indi¬ 
cate  that,  during  4-6  h  of  incubation,  the  number  of 
class  I  MHC  complexes  formed  with  similar  amounts  of 
exogenously  added  peptides  is  in  the  range  of  103-104, 
which  is  consistent  with  the  level  of  expression  of  a 
number  of  endogenous  peptides  [17].  Therefore  our  re¬ 
sults  should  be  relevant  to  certain  pathological  condi¬ 
tions,  such  as  viral  infections  and  cancer,  where  large 
amounts  of  viral  or  tumor  peptides  are  processed  and 
presented  by  MHC  class  I.  The  observation  that  NK 
cells  were  less  effective  in  lysis  of  C1R:A2  cells  express¬ 
ing  high  levels  of  HER-2,  than  of  those  expressing  lower 
levels,  is  suggestive  of  this  possibility.  Thus,  protection 
from  NK-mediated  lysis  may  be  dependent  not  only  on 
the  presence  of  self-peptides  or  MHC,  but  also  on  the 
high-density  expression  of  specific  peptide-MHC  com¬ 
plexes.  These  findings  are  compatible  with  the  use  of  an 
NK-inhibitory  receptor  with  low  affinity  for  the  recog¬ 
nition  of  peptide-MHC  complexes.  Furthermore,  the 
same  peptides  were  capable  of  inhibiting  lysis  of  HLA- 
A2+  T2  cells  by  NK  effectors  from  both  HLA-A2+  and 
HLA-A2"  donors,  indicating  that  the  receptor(s)  re¬ 
sponsible  for  this  inhibition  are  expressed  independently 
of  HLA-A2  expression  in  the  donors. 

These  studies  were  performed  using  highly  enriched 
(up  to  98%  purity)  NK  cells,  to  exclude  a  role  for  T  cells 
in  any  of  the  observed  effects.  We  also  observed  that 
HER-2  peptides  protected  targets  from  lysis  by  an  es¬ 
tablished  NK  cell  line.  In  no  experiment,  though,  was 
complete  protection  of  T2  cells  by  HER-2  peptides  ob¬ 
served.  This  is  not  surprising,  because  the  NK  cells  used 
in  our  studies  were  not  clones.  It  has  been  shown  that 
different  NK  clones  can  respond  differently  to  the  same 
peptide-pulsed  targets  [8,  9,  23,  25],  most  likely  because 
of  expression  of  different  combinations  of  inhibitory  and 
activation  receptors.  Bulk  NK  populations  were  used  in 
most  of  our  experiments  to  mimic  more  closely  the  ef¬ 
fector/tumor  conditions  existing  in  vivo.  In  fact,  it  is 
important  to  realize  that  the  15%-30%  of  tumor  cells 
that  might  be  protected  from  NK  cells  by  HER-2  pep¬ 
tides  would  represent  a  substantial  number  of  malignant 
cells  likely  to  escape  NK  cell  attack. 

Our  results  show  that  a  side-chain  charge  at  PI  of  two 
different  HER-2  peptides  is  important  for  protection 
from  lysis.  It  is  interest  that  the  requirement  for  a  spe¬ 
cific  side-chain  in  the  protection  of  a  target  against  NK- 
mediated  lysis  suggests  that  certain  NK  receptors,  or 
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structures  on  NK  cells  involved  in  target  lysis,  directly 
contact  MHC-bound  peptide.  Importantly,  these  effects 
were  observed  for  the  first  time  when  peptides  known  to 
induce  CTL-mediated  lysis  in  the  HLA-A2  system  were 
used.  Recent  studies  have  shown  sequence-specific  NK- 
potentiating  effects  for  P8  of  nonapeptides,  although  the 
effects  were  not  associated  solely  with  charged  residues 
at  P8  [26].  Furthermore,  Peruzzi  and  collaborators 
identified  a  role  for  P7  and  P8  of  HLA-B*2705-associ- 
ated  peptides  in  modulation  of  NK  recognition  [28]. 
Charged  side-chains  in  residues  at  P7  and  P8  in  their 
system  enhanced  NK-mediated  lysis.  These  studies 
indicate  that  residues  in  certain  positions  of  the  class- 
I-MHC-bound  peptides  can  up-  or  down-modulate  NK 
lysis.  Nevertheless,  the  effects  may  be  dependent  upon 
HLA  type  or  other  unknown  factors,  which  may  help 
explain  why  one  donor  of  four  tested  (Fig.  3)  in  our 
study  showed  a  somewhat  different-from-average  pat¬ 
tern  of  NK  inhibition  by  the  C85  variants  (inhibition  by 
FI  and  G1  but  not  Kl;  data  not  shown).  It  is  most  likely 
that  HER-2  peptides  were  inhibiting  lysis  directly 
through  the  interaction  of  HLA-A2-peptide  complexes 
with  NK  receptors,  since  A2-specific  mAb  significantly 
blocked  the  inhibition.  Although  the  inhibition  was  not 
completely  blocked  when  high  levels  of  peptide  were 
used,  likely  explanations  are  that  monomorphic  HLA- 
A2  was  up-regulated  more  than  the  MA2.1  conforma¬ 
tional  epitope  or  that  the  antibody  was  not  saturating 
the  HLA-A2  at  high  peptide  concentrations.  This  could 
also  possibly  be  due  to  peptide  stabilization  of  non- 
classical  MHC,  such  as  the  deletion  variants  described 
by  Abu-hadid  et  al.  [1]. 

Positive  stimulation  (activation)  of  NK  cells  may 
occur  through  several  different  activation  or  costimula¬ 
tory  receptors  on  NK  cells,  such  as  NKR-P1  proteins, 
CD  16  and  CD28,  but  it  appears  that  the  specificity 
of  NK  target  recognition  is  often  not  provided  by  acti¬ 
vation  signals,  but  rather  by  the  presence  or  absence 
of  inhibitory  signals  induced  by  recognition  of 
peptide-MHC  complexes  [20].  It  has  been  suggested 
that  peptide-induced  protection  from  NK  cells  may  be 
due  to  stabilization  and/or  conformational  effects  of 
peptides  on  MHC  class  I  molecules.  However,  the  role 
of  the  peptide  in  NK  recognition  is  probably  not  simply 
to  stabilize  MHC  class  I  or  to  promote  changes  in  MHC 
conformation.  NK  cells  express  an  array  of  different 
receptors  that  inhibit  target  cell  lysis  upon  recognition  of 
MHC  class  I.  Examples  are  the  C-type  lectin  superfamily 
of  receptors  (e.g.  CD94,  NKG2)  and  the  killer-cell-in¬ 
hibitory  receptors  of  the  immunoglobulin  superfamily 
(e.g.  p  70,  p  58)  [4,  20,  29].  Several  investigators  have 
now  demonstrated  that  inhibitory  receptors  on  NK  cells 
not  only  recognize  specific  types  of  MHC  but  also  rec¬ 
ognize  a  specific  subset  of  peptides  on  HLA-B  or  C 
[4,  25,  28-30,  43].  Our  results  in  the  HLA-A2  system  also 
show  that  NK  cell  recognition  is  sensitive  to  mutations 
in  peptides  that  minimally  affect  monomorphic  MHC 
class  I  expression.  Furthermore,  changes  in  the  expres¬ 
sion  of  conformational  MHC  epitopes  did  not  appear  to 


cause  the  inhibition  of  NK-mediated  lysis  in  this  model,  w A 
although  such  epitopes  may  have  caused  increased  sen¬ 
sitivity  to  lysis,  as  discussed  above.  It  is  tempting  to 
hypothesize  that  NK  receptors  use  a  similar  mechanism 
of  recognition  to  the  one  recently  proposed  for  the  T  cell 
receptor  [10];  i.e.,  the  proper  conformation  of  the  MHC- 
peptide  complex  is  required  for  the  receptor  to  “land” 
on  the  target,  while  the  changes  in  side-chain  moieties 
(charge,  polarity,  van  der  Waals  forces),  are  responsible 
for  initiation  of  signaling.  This  will  explain  why  ex¬ 
pression  of  the  MA2.1  conformational  epitope  does  not 
correlate  with  recognition,  since  the  epitope  recognized 
by  MA2.1  mAb  is  directly  affected  by  side-chains  of 
residues  in  pocket  A  (and  possibly  B)  of  HLA-A2,  while 
the  BB7.2  mAb  detects  altered  conformation  induced  by 
the  peptide  in  a  different  position  (a2  domain,  W108), 
which  does  not  interact  directly  with  peptide  side-chains. 

More  extensive  studies  are  needed  to  address  this  point, 
but  this  study  suggests  that  a  number  of  mutations  in 
peptides  (including  CTL  epitopes)  presented  by  MHC 
class  I  may  interfere  with  MHC  recognition  by  NK  cells. 

These  findings  may  have  implications  for  understanding 
the  mechanism  by  which  cells  infected  with  viruses  (e.g. 
influenza  or  AIDS),  and  displaying  a  high  rate  of  mu¬ 
tation,  might  escape  immune  defenses.  This  mechanism 
may  also  apply  to  tumor  cells  where  overexpression  of 
certain  gene  products  (e.g.  tyrosinase,  gplOO,  or  Muc-1) 
could  lead  to  the  presentation  of  a  high  density  of  self- 
epitopes  with  inhibitory  effect  on  NK  cells.  An  addi¬ 
tional  possibility  to  be  examined  is  that  presentation  of 
mutated  peptides  (e.g.  from  p53  or  p21  ras)  may  protect 
tumor  cells  from  NK  surveillance. 

In  support  of  our  conclusions,  it  has  been  shown 
previously  that  HER-2-overexpressing  breast  and  ovar¬ 
ian  cell  lines  were  more  resistant  to  NK-mediated  lysis 
than  nonexpressing  (or  HER-2Iow)  targets  [21],  As  was 
the  case  also  in  our  investigations,  resistance  in  the  latter 
studies  could  not  be  attributed  solely  to  an  increase  in 
MHC  class  I  or  to  changes  in  ICAM-1  expression  by  the 
HER-2 +  targets  [11,  22].  Taken  together,  these  results 
suggest  that  endogenously  processed  HER-2  peptides 
expressed  in  complexes  with  MHC  class  I  molecules  may 
contribute  to  the  resistance  of  HER-2-overexpressing 
tumor  cells  to  NK-mediated  lysis.  Therefore,  further 
elucidation  of  how  NK  cells  recognize  peptides  may  help 
to  explain  the  aggressiveness  of  some  tumors,  as  well  as 
provide  new  insight  into  the  nature  of  NK  cell  receptors 
for  antigens. 
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